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ADVERTISEMENT. 



N submitting this work to the public, the Editor 
deems it right to state briefly in what respects the 
present edition of Mr. Lawrencs's translation of 
Blumenbach differs from the original edition of 
1807. The difference consists partly in the addition 
of new matter, and partly in a new, and, he trusts, 
improved arrangement both of the text of the author, 
and of the additional notes of the Translator. 

With respect to the new>diaposition of the matter, 
the notes of Blumenbach have been incorporated, 
wherever it has been practicable toeffect such an union, 
with the text ; an arrangement which is sanctioned, in 
nmny instances, by the authority of the author him- 
self in the later editions of his work; and which will 
be founds it is hoped,.to contribnte not less to the pro« 
fit, thap to the convenience of the student. Frequent 
annotations necessarily divert the attention of the rea-: 
der from the chain of fi^jasoning, or the detail of factsf 
jivhich the text n^ay present to him.; and there is the 
less reason for isolating the information contained in 
the notes of Blumenbach, as it is for the.*mpst part 



11 ADVERTISEMENT. 

strictly relevant to the subject matter of the text 
The additional notes of Mr. Lawrence, which, in 
the edition of 1807, were annexed en manse to the 
end of each chapter, have, in this edition, been 
printed in a distinct type at the end of each para- 
graph of the text which they are designed to illus- 
trate. 

Of the new matter, part has been introduced by 
the author in editions of this Manual, subsequent to 
that translated in 1807, and part has been annexed 
to, or incorporated with the notes of Mr. Lawrence 
by the present editor. 

The works of the more recent physiologists and 
comparative anatomists, especially those of Cuvier, 
Blainville, Rddolphi, Carus, Meckel, Tiede- 
MANN, and the Lectures of Sir E. Home, have been 
diligently examined, with a view of supplying such in- 
formation as the lapse of twenty years had rendered 
necessary, in order to complete the plan of illustra- 
tion adopted by the Translator. Many scarce and 
valuable monographs have also been consulted for 
that purpose. The information derived from these 
sonrces is in some instances sufficiently distinguish- 
ed, by the dates of the works cited, from former addi- 
tions to this Manual, and, where there is no such dis- 
tinction apparent on the face of the additional matter, 
the Editor has not thought it necessary to point out 
what has been added to the commentaries of Mr. 

L d 
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Lawbbncb, preferring rather to place his own ham- 
hie endeavoars to increase tlie utih'ty of the work 
under the shelter afforded to them by the name of 
Uie distinguished Translator. 

To that eminent individual the Editor has now to 
mbke his public acknowledgments for the mark of 
friendship and confidence with which he has been 
boooured, in being intrusted with the superintend- 
eace of this publication* For the sake of the sci* 
cncev indeed, ^^ regrets that the numerous profes- 
slooal avocations of Mr. Lawrence have prevented 
him from presenting the public with an improved 
edition of this, one of his earliest literary produc- 
tioas; but he trusts, that as far as diligence and zeal 
can supply the v^ant of the Translator's superintend* 
ing care, the confidence which has been reposed in 
him has not been entirely misplaced. Mr. Law* 
RSNCE^s translation of this work was produced at 
the outset of his professional life, at a time when a 
knowledge of the German language might be const* 
dered a rare acquisition in this country ; and his il- 
lustrations of the text, even at this early period of 
his career, afforded an earnest of that reputation 
which he has since acquired by the splendour of 
his physiological researches^ Blumenbach has him- 
self borne ample testimony to the merits of his com- 
mentator ; indeed it is as gratifying to remark the spi- 
rit of candour and cordial approbation with which 

b 2 
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tbe labours of our distinguished countryman are 
uniformly noticed by the contineutal writers, as it is 
humiliating to reflect on the spirit of envy and ma- 
lignity by which they have been assailed at home. 
Envy and malignity, however, have done their 
worst; it may be said rather that they have had the 
effect of establishing the fame of Mr. Lawrence, 
and of placing, beyond all competition, his claims 
to the highest rank in his profession. 

The Editor cannot conclude these observations 
without expressing his acknowledgments to Mr. 
Clift, the conservator of the Hunterian Museum, for 
the great facilities he has afforded him in the prose- 
cution of inquiries connected with this publication. 
The value of the Hunterian Museum, with a view i 
to any practical advantage that can be derived froia| 
it in physiological or pathological investigations, is 
indeed greatly diminished by the want of a digested 
catalogue of its contents. This want will, it is to 
be hoped, be speedily supplied; in the mean timsfl 
nothing is better calculated to diminish the iucon^* 
veniences res.ulting from it, than the urbanity, and 
the readiness to afford information, which are dis- 
played on all occasions by the present conservator. 
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William Coulson. 
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• 9 



THE AUTHOR'S PREFACE 



TO 



THE FOURTH EDITION, 



I WAS first led, both by inclination and by the nature 
rf my professional pursnits, to devote the greater 
portion of my time to the study of physiology^ or the 
foundation of medical science^ as it has been termed 
by ZiMMERMANN, aud to natural history, or the ma- 
Uria prima philosophic^ as it has been called by Ba*^ 
CON. I soon became convinced, and experieuee has 
confirmed my conviction, that Haller was right 
>vhen he said of comparative anatomy, that it had 
thrown more light upon physiology than even the 
dissection of the human subject; an opinion which 
has beenfurther sanctioned by the authority of Leib- 
MiTZ^ who has declared comparative anatomy to be 
the soul of that bran eb of knowledge which is' de? 
dicated to the history of th^ animal kingdom^. If t 
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may venture to believe that I have not laboured in 
vain in these two departments of science, the suc- 
cess of ray efforts is to be attributed to the collateral 
aasistance which 1 have derived from comparative 
anatomy. As I may at least claim the merit of 
having been the first to deliver lectures annually on 
this subject, in Germany, and of having by these 
means excited a taste for the science, and a zeal to 
contribute to its advancement; so I trust that this 
edition of my Manual, the first work of the kind 
which has ever appeared on comparative anatomy, 
as applied to the whole animal kingdom, will fur- 
ther facilitate the study, and render it more univer- 
sally useful. I have the more reason to think th^ 
my readers will approve the plan of this work, as it. 
is, in fact, the same which 1 have pursued in myi 
elementary treatises on physiology and natural his- 
tory ; and which, from the various advantages it com- 
bines, has been found best calculated to afford fact. 
lities to students. 

To give effect to such a plau it vras necessary to 
make a judicious selection from the vast mass of 
materials which have been accumulated by the la- 
bours of comparative anatomists. This I have en- 
deavoured to accomplish, while at the same time I 
have kept in view the application of the science to 
physiology and natural history, and have occasion- 
ally interspersed a few reoiarks illustrative of these 
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branches of knowledge. It is evident that a minute 
description of the muscles, vessels, nerves, &a, 
af the various classes of animals, could not be 
eomprised within the limits which I have prescribed 
to myself. Comparative Osteology, however, de« 
serves a more detailed examination, for the skde* 
tons of red-blooded animals are not only intimately 
eonneeted with the rest of their anatomical struc- 
ture, but also with their form, economy, and peculiar 
haUts. 

To domestic animals, and to such as the sports of 
the field bring most frequently under our notice^ I 
have paid particular attention ; partly, because such 
animals are most easily procured for dissection, and 
partly on account of the great interest which is 
Kkely to be taken in a correct knowledge of their 
structure. With regard to foreign animals, I have 
uniformly adverted to their most striking peculiari- 
ties. 

I have carefully cited my authorities for such 
facts tus I have not myself had an opportunity of 
verifying ; availing myself, in such cases, partly of 
the best engravings which have been published, and 
partly of the best monographs, and papers which 
have appeared on the subject of comparative anato- 
my in periodical collections; so that I have scarce- 
ly omittj^d to notice a single author who has contri- 
buted any thing of importance, and the notes to this. 
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Manual furnish a complete synopsis of the literature 
of the science. 

I have devoted a, large portion of the work to the 
classes of warm-blooded animals, as those in which 
readers, whose time will not admit of extended io- 
TestigatioD, will lake the greatest interest. I have 
not, however, neglected the classes of cold-hlooded 
animals, and the two last classes of the Linaaean 
system, having generally explained the comparative 
anatomy of the invertebrated animals, by an exam- 
ple or two taken from each class. 

To such authurities as the large systematic works 
of Blainville, Cahus, Covier, Geoffroy, Meck- 
BL, RuDOLPHi, TiEDEMANN, and Tkeviranus, I 
DOW, to avoid frequent repetition, refer once for all. 
The same observation applies to the engravings 
given by some of these writers, and especially by 
CuviER and Cabus, as well as to the masterly mo- 
nographs of Bojanus, Cuvier, Home, Spix, 
TiEDEMANN, &c., and to the copious additional 
notes with which the celebrated Lawrence has 
enriched his translation of this Manual.* 

I shall scarcely be expected to offer any apology 



' * Notwithstanding this ohservation, the author has very fre- 

quently quoted Mr. Lawrence's notes ; but in this edition, where 

I the notes so cited immediately follow .the text, references of this 

kind are of course omitted, —Ed. ,■ ■ * - . ..■ i, . ■ .— # ■ 
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for not having translated many well known technical 
Latin terms, the translation of which wonld^Jn fact, 
have rendered the things signified less intelligible; 
nor is it, I trust, necessary for me to enlarge on the 
numerous additions and improvements by which 
the utility of the work has been increased in this 
edition. 

J. F. Blumbnbach. 



GotHngen, 
March Sh 18S4. 
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Anatomical structure is the natural foundation 
on which a systematic arrangement of the different 
classes and species which compose the animal king- 
dom may be established. Aristotle has adopted 
to a certain extent this basis of classi6cation ; but it 
is evident that no great advances could be made by 
the ancients in a branch of knowledge, which pre- 
supposes an intimate acquaintance with the struc- 
ture and organization of animals. No attempt at 
classification before the time of Linn^us has any 
pretensions to the name of a system affording accu- 
rate criteria for distinguishing the different classes 
of animals. The classification of Linn»us^ which 
is adopted with some modifications by Blumbnbach 
in the fcJlowing work, is founded on the observation 



* This introduction is substantially the same as that given by 
Mr. Lawrence in the original edition of this work. . 



XU INTRODUCTION. 

of differences of structure io the organs of circula- 
tion in such animals as possess a cardiac system. 

Mammalia, viviparous • ^ Heart furnished with two 

< ventricles, two auricles; 
Birds, oviparous • • • ( blood warm and red. 

Amphibia^ respiring by r Heart furnished with one 

lungs \ ventricle and one an- 

Fishes, breathing . by j ricle ; blood cold and 

gills •..•-. V. red. 
Insects, furnished with \ \ 

antennae .... f Sanies cold and colpur- 

Vermes, furnished with C less. 

tentacula . . . . y 

Animals may be divided into two great families; 
the first family possessing vertebrse and red blood ; 
the second without vertebrae, and most of tliem with 
white blood. The former have always an internal 
articulated skeleton, of which the chief connecting 
part is the vertebral column. The anterior part of 
this column supports the head ; thie canal which 
passes from one end of it to the other incloses the* 
common fasciculus of the nerves ; its posterior extre-' 
mity is most frequently prolonged, in order to form 
the tail, and its sides are articulated with the ribs,^^ 
which are seldom wanting. None of this family of 
animals has more than four limbs, some of them 
have two only, and others have none. 
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The braia is inclosed ini a partic alar osseous ca^ 
irity of the head, called the cranium. AH the oerires 
of the spine contribute filaments to form a nervous 
cord, which has its origin in the nerves of the cr^ 
mum, and is distributed to the greater part of tha 
viscera. 

. The senses are always five in number. There are 
always two eyes, moveable at pleasure. The ear 
has always at least three semicircular canals. The 
sense of smell is always confined to particular cavi- 
ties in the fore part of the head. 

The circulation is always performed by one fleshy 
ventricle at least ; and where the ventricles are two 
ia number, they are always close together, forming a 
single mass; The absorbent vessels are distinct frodd 
the sanguiferous veins. 

The two jaws are always placed horizontally, an<» 
open from above downwards. The intestinal canal 
is continued without interruption from the mouth to 
the anus, which is always placed behind the pelvis* 
that is, behind the circle of bones which affords a 
fixed point for the posterior extremities. The in* 
testines are enveloped within a membranous sac^ 
termed peritonaeum! There is always a liver and a 
pancreas, which pour their secretions into the cavity 
pf the intestines^ and there, is always a spleen^ 
within . which part of the blood nndergoes some pre* 
paratory change before ttis'sent to the liver.;; 
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There are alwrnys two kidneys for die secretion of 
urine, placed on the two sides of the spine^ and 
without the peritonceum. The testicles also are 
always two in number. There are always two hfh 
dies called atrabiliary capsules^ placed over the kid* 
neys ; the use of them is unknown. 

Animals with vertebrae are subdivided into two 
classes, one of which is warm-blooded, and the 
other cold-blooded. 

Warm-blooded vertebrated animals have always 
two ventricles and a double circulation. They re^ 
spire by means of lungs, and cannot exist without 
respiration. The brain almost always fills the cavity 
of the cranium. The eyes are covered with eye* 
lids. The tympanum of the ear is sunk within, the 
cranium; the different parts of the labyrinth are 
completely inclosed within bone; and besides the 
semicircular canaUs, the labyrinth contains the coch- 
lea, with two scaliBy resembling the shell of the snaiK 
The nostrils always communicate with the throat, 
and afford a passage for the air in respiration. The 
trunk is furnished with ribs, and almost all the 
species of this branch of animals have four limbs. 

Cold-blooded vertebrated animals resemble one 
another more by dieir negative than their positive 
characters. Many of them are destitute of ribs; 
some of them are totally destitute of limbs. The 
brain never fills the whole cavity of the cranium. 
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Tbe ijes eeldom bUTe moveable ^relids. Tlie tyoi* 
panum of the ear, when present, is always close to 
the surface of the head; it is often abseoi, as are 
likewise the ossicuia auditns ; the cochlea is alwaya 
wanting. The difierent parts of the ear are not 
firmly attached to the crantum; they are often 
loosely connected to it in the same cavity as the 
brain. 

Each of these two branches is subdivided into 
two classes. 

Tbe two classes of warm-blooded animals are the 
MavtnuUia and Birds. 

The MammaUa are viviparous, and suckle their 
young with milk secreted by the mammae. The fe« 
males have consequently always the cavity teiteed 
aterus with two comua> and the males have always 
a penis. 

The head is supported on the first vertebra by 
two eminences. The vertebra of the oeck are ne- 
ver less than six, nor more than nine. The brain 
has a more complicated structure than in other 
animals, and contains many parts which are not to 
be fouud in the other classes, such as the corpus 
callosum, fornix, pons> &c. 

The eyes have two eyelids only^ The ear con- 
tains four small bones, articulated together, and has 
a spiral cochlea. The tongue is quite soft and 
fleshy. The skin is covered entirely with hairs, in 
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Hne greatest hambOT, and in all it is covered par- 
tially/ 

The lungs fill the cavity of the chest, which is 
separated from the abdomen by a fleshy diaphragm. 

There is one larynx only, situated at the basis of 
the tongue, and completely covered by the epiglottis, 
when the animal swallows. 

The lower jaw only is moveable ; both jaws are 
covered with lips. 

The biliary and pancreatic ducts are iniserted 
into the intestinal canal at the same place. The 
lacteal vessels convey a white inilky chyle, and pass 
through a number of conglobate glands^ situated at 
the mesentery. A membrane, called omentum, sa8< 
pended from thef stomach and adjacent viscera, co^ 
vers the fore part of the intestines. The spleen is 
always upon the left side, between the stomachy 
ribs, and draphragro. " 

BlumEnbach establishes the following orders in 
this class : * y^ 

Ordo I. BiA^ANUs. Two handed. 
\ Genus. Homo. 

T 

li. QuADRUMANA, four-haudcd animals: having a 
separate thumb capable of being opposed to 

* Vid. Goits's translation of Bluhekbach's Natural Hiitofy^ 
p. 32. ' 
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the other fingers, both in their upper and lower 
extremities, teeth like those of man, except that 
the cuspidati are generally longer. 

1. SimitB^ apes, monkeys, baboons. 

2. Lemur J macauco. 

III. Chiroptera. 

The fingers of the fore feet, the thumb excepted, 
are, in these animals, longer than the whole body ; 
luid between them is stretched a thin membrane for 
flying. Hence they are as little capable of walking 
on the ground as apes, with their hands, or sloths, 
with their hooked claws, which are calculated for 
climbing. 

1. VespertUio, bat, calugo, &c. 

IV. Digitata. 

Mammifera, with separate toes on all four feet. 
This order contains the greatest number of genera 
and species, and is therefore conveniently divided, 
according to the differences of the teeth, into three 
families, glireSf/ene, and bruta. 

(A) Glires. 

With two chisel-shaped incisor teeth in each jaw, 
for the purpose of gnawing without canine teeth. 

1. Sciurus^ squirrel. 

c 
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2. OliSf dormouse [Myoocus^ Linn.) 

3. MuSf mouse aud rat. 

4. Marmota, marmot. 

5. Savia, guinea-pig. 

6. LepuSj hare aud rabbit. 

7. JacultiSj jerboa. 

8. HystriXy porcupine. 

(B) Vrkm. 

With pointed or angular front teeth, and mostly 
with only a single canine tooth on each side, which 
is generally, however, of remarkable size and 
strength. The carnivorous animals, properly so 
called, and some other genera with teeth of the 
same kind, compose this family. 

1. ErinaceuSj hedgehog. 

2. SoreXj shrew. 

3. Talpa^ mole. 

4. THdelphis marsupialis, opossum. 

6. Viverr(Bj weasels, ferret, polecat, civet. 

6. Mustela^ stunk, stoat, &c. 

7. Ursus^ bear. 

8. Canis, dog, wolf, jackall, fox, hysena. 

9. Felts, cat, lion, tiger, leopard, lynx, panther, 

&c. 

The three first genera belong to the insectivora of 
CuviER ; their feet are short, and their power of mo- 
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tion weak« They have no coecum, and walking they 
rest the whole of the foot on the ground. They live 
principally on insects, whence their name is derived. 
The fourth genus belongs to the marsupialia of Cu- 
viER ; the animals of this class have a pouch in the 
abdomen which contains the mammae, as well as 
the young in their early state. The remaining ge- 
nera» with the exception of the bear, belong to the 
digitigrada of Cuvier. 

(C) Bruta. 

Without teeth, or at least without front teeth. 

1. JBradypuSj sloth. 

2. Myrmecophaga, ant-eater. 

3. ManiSy scaly ant-eater. 

4. Dasypus or Tatu^ armadillo. 

This order forms the edentata of Cuvier, the 
tongue is long, slender, and projectile, for seizing 
the insects on which the animals live. The armadillo, 
manis, anteater, and omithorhynchus, or duck-billed 
animal, belong to this order. 

V. SoLiDUNGULA (Solipcda, Cuv.). 

A single toe on each foot, with an undivided 
hoof. Large intestines, and particularly an enor- 
mous ccecum. Incisors in both jaws. 
1. EquuSj horse or ass. 

c 2 
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VI. BisuLCA (Pecora). 

These are the rumiuantia of Cuvier, their hoof is 
divided. INo iDcisors in the upper jaw. Stbinach 
coDsisting of foar cavities. RuminatioD of the food. 
Long intestiDes. 

1. CameluSy camel, dromedary, lama. 

2. CaprUf sheep, goat. 

3. Antilopej antelope, chamois. 

4. BoSj ox, buffalo. 

5. Giraffa^ giraffe, or camelopard. 

6. Cervus^ elk, deer kind. 

7. Moschus^ musk. 

VII. MuLTUNGtJLA (Belluae). 

Animals o^ an unshapely form, and a tough and 
thick hide ; whence they have been called by Cu- 
viER pachydermata (from Traxvc thick, and Scpjtui skin). 
They have more than two toes; incisors in both 
jaws, and in some cases enormous tusks. 

1. SuSf pig kind^ pecari, babiroussa. 

2. Tapir. 

3. Elephas. 

4. Rhinoceros. 

5. Hippopotamus. 

VIII. Palmata. 
Mammifera with webbed feet, the genera being 
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divided (as in the order Digitata) according to the 
forms of the teeth into three families: 

(A) Glires. (B) Fera. (C) Bruta. 

(A) Glires. 

With chisel-shaped gnawing teeth. 
Castor^ beaver. 

(B) Ferje. 

With the teeth of carnivorous animals. 
Phoca^ seal. 

(C) Bruta. 

Without teeth, or at least without front teeth. 

Omithorhynchus^ duck-billed animal. 
Trichechus^ walrus. 

The last genus of the order, together with the 
phoca, (seal) constitutes the amphibia of Cuvier. 
These animals have short members adapted for 
swimming. 

IX. Cetacea. 

Whales living entirely in the sea, and formed like 
fishes ; breathe by an opening at the top of the head, 
called the blowing-hole, through which they throw 
out the water, which enters their mouth with the food. 
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Smooth skin covering a thick layer of oily fat. No 
external ear. A complicated stomach. Multilobu- 
lar kidneys ; larynx of a pyramidal shape, opening 
towards the blowing hole. Testes within the abdo- 
men. Mammae at the sides of the viilva. Bones of 
the anterior extremity concealed and united by the 
skin, so as to form a kind of fin. 

1. Monodofij narwhale, sea-unicorn. 

2. Bcdtjena^ proper whales. 

3. PhyseteVj macrocephalus, white whale. 

4. DelphintiSf dolphin, porpoise. 

Cuvier distributes the class mammalia into three 
grand divisions : 

1. Those which have claws or nails, (mammifires d 
ongks) including the following orders : bimana, 
quadrumana, chiroptera, plantigrada, carnivora, pe- 
dimana, rodentia^ edentata, tardigrada. 

2. Those which have hoofs {mammif. i angles) in- 
cluding the pachydermata, ruminantia, and soli- 
peda. 

3. Those which have extremities adapted for 
swimming (mammif. h pieds en nageoire). Amphibia 
and cetacea. 

BIRDS. 

Birds are oviparous. They have only one ova- 
rium and one oviduct, in which they differ from other 
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oviparous animals. Tiie head is supported on the 
first vertebrae of the neck by a single eminence. The 
vertebrae of the neck are very numerous, and the 
sternum very large. The anterior extremities are 
used for flying, and the posterior for v^alking. 

The eyes have three eyelids. There is no exter* 
nal ear ; the tympanum contains only one bone, and 
the cochlea is a cone slightly curved. The tongue 
has a bone internally. The body is covered with 
feathers. The lungs are attached to the ribs. The 
air passes through the lungs in its way to the air- 
bags, which are dispersed throughout the body. 
There is no diaphragm. The trachea has a larynx 
at each end, and the upper one has no epiglottis. 
The upper mouth consists of a horny bill without 
lips, teeth, or gums, and both mandibles are move- 
able. 

The pancreas and liver send out several excretory 
ducts, which enter the intestines at different places. 
The chyle is transparent, and there are no mesenteric 
glands nor omentum. The spleen is in the centre 
of the mesentery. The ureters terminate in a cavity 
called the cloaca, which also affords an exit to the 
solid excrement and to the eggs. There is no uri- 
nary bladder. 

This class cannot be distributed into orders so 
clearly distinguished by anatomical characters as 
the preceding one. Blumenbach divides them into 
two leading divisions. 
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(A) Land Birds. 

Order I. Accipitres. Birds of prey, almost all with 
short strong feet, large sharp claws, and a strong 
hooked beak, which for the most part termi- 
nates above in two short cutting points, and is 
commonly covered at the root with a fleshy 
membrane. A membranous stomach, and short 
cceca. 

1. Vuhur. vultures. 

2. FalcOy falcon, eagle, hawk^ kite. 

3. Strixy owl. 

4. LaniuSy shrike or butcher-bird. 

II. Levirostres. Light-billed birds, having a large 

hollow bill. 

1. Psittactts, parrot kind. 

2. RamphastoSy toucan. 

3. SuceroSf rhinoceros bird. 

III. Pici. The birds of this order have short feet, 
and commonly a straight bill. 

1. PicuSy woodpecker. 

2. JynXy wryneck. 

3. Sittay nuthatch. 

4. Alcedo, kingsfisher. 

5. Merops, bee-eater. 

6. Upupa, hoopoe. 
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7. Certhio, creeper. 

8. TrochiluSy humming birds, &c. &c. 

IV. CoRACES. The birds of this order have short, 
feet with a strong bill, convex ou the upper part, 
and of moderate size. 

1. Buphagar, ox-pecker. 

2. Crotophaga, razor-billed blackbird. 

3. Carvus, crow, raven, jackdaw, magpie, 

jay, &c. 

4. CoraciM, roller. 

5. Gracultty minor grakle. 

6. Paradiseaj birds of paradise. 

7. CuculuSy cuckoo. 

8. OrioltiSf oriole. 

y. Passer£s. Small singing birds, with short and 
slender feet, and conical sharp-pointed bills of 
various size and form. 

1. Alaudtty lark. 

2. SturnuSy starling. 

3. Turdus, thrush, blackbird. 

4. AmpeliSj chatterer. 

5. Loxia^ cross-billed tribe. 

6. JEmberizOy bunting. 

7. Fringillaj finches, canary-bird, linnet, 

sparrow. 

8. MuHcapa^ fly-catcher. 
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9. MotaciHa^ nightingale, redbreast, wren. 

10. Pipra, roanakin. 

11. ParuSf titmouse. 

12. Hirundo^ swallow^ martins, &c. 

13. CaprimulguSf goatsucker, &c. 

VI. Galling. Gallinaceous birds, mostly domesti- 
cated^ have short legs with a convex bill, which 
is covered.with a fleshy membrane at its base, 
and of which the upper half overlaps the lower 
on each side. They possess a large crop. 

1. Columhtty pigeons. 

2. Tetrao^ grouse, quail, partridge. 

3. Numida, guinea-fowl. 

4. Phasianusj cock pheasant. 

5. Cr€UCy curesso. 

6. Meleagris, turkey. 

7. PavOy peacock. 

8. OtiSf bustard. 

VII. Struthiones. Struthious birds. The largest 
of the class ; possess extremely small wings, 
and are therefore incapable of flight ; but run 
very swiftly. 

1. StruthiOy ostrich, cassowary. 

2. DiduSj dodo. 
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(B) Aquatic Birds. 

Order I. Grall^. These birds have cylindrical 
bills of various lengths ; long stilt-like legs ; 
long neck, and short tail. They mostly live in 
marshes, and feed on amphibia. 

1. PhanicopteruSf flamingo. 

2. Platalaa^ spoonbill. 

3. Palamedeaj horned screamer. 

4. Ardea^ crane, stork^ heron, bittern. 

5. TantaltLSj ibis, &c. 

6. ScolopaXy woodcock, snipe^ curlew. 

7. TringUy lapwing, ruffs and reeves. 

8. CharadriuSy plover. 

9. HamatopuSf sea-pie. 

10 Fulictty water-hen, coot. 
" 11. Parray spur-winged water-hen. 

12. Rallusy rail. 

13. Psophia, trumpeter. 

II. Anseres. Swimming birds ; web-footed ; the 
upper mandible mostly ends in a little hook, 
and, together with the lower, is in most instances 
plentifully supplied with nerves. 

1. RhincopSy sea-crow. 

2. SteniUy noddy, silver bird. 

3. ColymbuSy diver. 
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4. Larus, gull. 

5. Plotus, darter. 

6. Phaton^ tropic bird. 

7. Procellaria, petrel. 

8. Diomedea^ albatross. 

9. PelecanuSf pelican, cormorant. 
10. AncLSj swan, duck, goose. 

] 1. MerguSf goosander. 

12. Alcttj auk, puffin. 

13. AptenodyteSy penguin. 

The two classes of cold-blooded vertebral animals 
are tbe 

AMPHIBIA AND FISHES. 

The animals of the former class differ from one 
another in many very essential particulars, and have 
not so many characters in common as the other 
classes. Some of the reptiles walk, some fly, some 
swim, many can only creep. The organs of the 
senses, and particularly the ear, differ almost as 
much as the organs of motion ; none of the reptiles, 
however, have a cochlea. The skin is either naked 
or covered with scales. The brain is always very 
small. The lungs are in the same cavity with the 
other viscera; there are no air-bags beyond the 
lungs, but the cells of these organs are very large. 
There is but one larynx, and no epiglottis. Both 
the jaws are moveable. There are neither mesente- 
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ric glands, nor omentum. The spleen is in the centre 
of the mesentery. The female has always two ova- 
ria and two oviducts. There is a bladder. 

The class of reptiles, in the arrangement of Cuvier, 
corresponds to the orders of reptiles pedati, and ser- 
pentes apodes, belonging to the class of amphibia 
in the Systema Natura of Linnaeus. 

Order I. Reptilia^ having four feet, {quadrupeda 
ovipard) the toes of which are^ according to 
their mode of life, either separate, {pedes digitor 
t%) connected by membranes, {palmati) or con- 
founded with one another in the form of a fin 
(jpinnati). 

1. Testudo, tortoise, turtle. 

2. JRana, frog, toad. 

3. Draco f dragon. " 

4. Lacertay lizards, crocodiles, chameleon, 

newt, salamander, iguana^ &c. 

II. Serpentia. No external organs of motion ; body 
of an elongated form, covered with scales, 
plates, or rings. Their slender, and for the 
most part cloven tongue serves them for tast- 
ing. Many are provided with an active ve- 
nom, contained in little bags on the front of the 
upper jaw, secreted by particular glands^ and 
conveyed into the wound made in biting by 
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means of isolated teeth, which are tubular, with 
a longitudinal opening at the top. They are 
oviparous, but the egg is sometimes hatched in 
the oviduct. Both jaws moveable. 

1. CrotaluSy rattle-snake. 

2. Boa. Immense serpents of India and 

Africa^ 

3. Coluber^ viper. 

4. AnguiSy blind -worm. 

5. Amphish(Bna. 

6. CtBcilia. 

• 

Fishes respire by means of organs in the shape of 
combs, placed at the two sides of the neck, between 
which they force water to pass. They have, conse- 
quently, neither trachea, larynx, nor voice. The 
body is formed for swimming. Besides the four 
fins, which correspond to the limbs, they have ver- 
tical ones upon the back, under the tail, and at its 
extremity ; but they are sometimes wanting. 

The nostrils are not employed in respiration. 
The ear is quite hid within the cranium* The skin 
is naked, or covered with scales. The tongue 
is osseous. Both jaws are moveable. There are 
often ccEca in place of the pancreas. There is a 
bladder and two ovaria.* 

* The class of VUhcs include the Visha and the Amphibia Nantes 

of Lllf XAUS. 
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The animals destitute of vertebrae have less in 
common, and form a less regular series than the ver- 
tebrated animals. But, when they have hard parts, 
these are generally placed on the outside of the 
body^ at least when articulated; and the nervous 
system has not its middle part inclosed within a ca- 
nal of bone, but loosely situated in the same cavity 
with the other viscera. 

The brain is the only part of the nervous system 
which is placed above the alimentary canal. It 
sends out two branches, which encircle the oesopha- 
gus like a necklace, and which afterwards unite and 
form the common fasciculus of the nerves. 

None of the animals without vertebrae respire by 
cellular lungs, and none of them have a voice. 
Their jaws are placed in all kinds of directions, and 
many of them have only organs of suction. None 
of them have kidneys, , or secrete urine. Those 
among them which have articulated members have 
always six at least 

(A) Cartilaginous Fishes. 

Order I. Chondropteryoii ; have no branchial 
operculum, and, in most, the mouth is placed 
on the under side of the head. 

1. Petromyzon^ lamprey. 

2. Gastrohranchus^ hag-fish. 

3. JBoia, ray, skate^ torpedo, stingray. 
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4. SqualuSf shark, saw-fish. 

5. LophiuSf sea-devil, frog-fisb. 

6. BalisteSj file-fish. 

7. Chinuera^ sea-ape. 

II. Branchiost£Gi, with opercula to the gills. 

J. AccipenseTy sturgeon, beluga. 

2. Ostraciouy truuk-fisb. 

3. Tetrodon, globe-fish. 

4. DiodoHf porcupine-fish. 

5. Cyclopterus^ lumpsucker. 

6. CentriscuSf snipe-fish. 

7. SyngnathuSf pipe-fish. 

8. Pegasus, sea-dragon. 

(B) Bony Fishes, divided according to the situa* 

tion of their fins. 

Order I. Apodes, without ventral fins. 

1. ilfur^^na, eel-kind. 

2. GymnotuSf electrical eel. 

3. Trichiurus. 

4. AnarrhicJmSj sea-wolf. 

5. Ammodites, launce. 

6. Ophidium. 

7. Stromateus. 

8. Xiphiasy sword-fish. 

9. Leptocephalw, 
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II. JuGULAltfis. Yeiltral fins in front of the tboracir'. 

1. Cailionymus^ dragoiiet. 

2. Uranoscopus, star-gaeen 

3. TVachinus, sting-fisb. 

4. Gadus, haddock, cod> wbiting, ling. 

5. Bknnius, eel-pont. 

III. Thoracici. Ventral fins directly under the 
' thoracic. 

1. Cepala, ribbon-fish. 

2. JSckeneis, sucking fish. 

3. CorypA^etuif dorado. 

4. Gobius, gudgeon. 

6. CottuSf pogge. 

6. Scorpana. 

7. 2eu$, dory. 

8. PhuroMetis, fkiuttder, pMce^ dub, hali- 

but, sole, turbot. 

9. CAatodau. 

10. Sparu$f giltbeadii sea-bream. 

11. Xodrii^, rainbow-fish^ 
: 12. ScuBiue. 

13. PercQf perch. 
14# Gastera§teust stickleback. 
15* S6omber^ notackereU bonito, tunny. 
l€u Jltillitf, mullet. 
1.7. Z^^flyingrfiBb. 

d 
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IV. Abdominales. Ventral fins behind the tho- 
racic ; chiefly inhabit fresh water. 

J. CobitiSf loach. 

2. Silurus. 

3. Lancaria^ harness-fish. 

4. Salmo, salmon, trout, snieit 

5. Fisttdaria. 

6. JEsoXf pike. 

7. Polypterus. 

8. Elops. 

9. Argentina. 

10. Atherina. 

11. Mugil. 

12. Exoccetus. . , 

13. Polynemus. 

14. Clupea, herring, sprat, shad. 

15. CyprinuSy carp, tench, gold-fish, minnow, 

&c. &c. 

The invertebral animals were distributed by Lin- 
NiEUs into two classes, insects and worms (vermes). 
The anatomical structure of these animals was very 
imperfectly known when the Swedish naturalist first 
promulgated his arrangement. 'But the labours of 
subsequent zoologists, and particularly those of Gu- 
viER, have succeeded in establishing such striking 
and important differences in their formation, that a 
subdivision of the Linnaean tl&sses becbnies indispen- 
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sably necessary. The insects of Linn^us are di* 
vided into Crustacea and insecta; and the vermes of 
the same author form three classes, viz. mottusca^ 
vermeSf and zoophyta. 

The Insects form the third class. 

In their perfect state they have, like the cros- 
tacea, articulated limbs and antennae. Most of them 
have also membranous wings, which enable them to 
fily. All these last pass through several metamor- 
phoses, in one of which they are quite destitute of 
the power of motion. All of them have a nervous 
system similar to that of the Crustacea ; but insects 
have neither heart nor blood-vessels; ami respire by 
tracheae. Not only the liver, but. all the secreting 
organs are wanting, and their plac0 is supplied by 
long vessels, which float loosely in the abdomen. 
The form of the intestinal canal is. often very differ- 
ent in the same individual, in its tbi^e different 
states.* 

The animals which reseinble the larvae of insects, 
and have, like them, the medullary cord knotted, 
may be placed in the same class with insects, though 
they undergo no metamorphosis ; but there are some 
of that number which have distinct sanguiferous 



* i* t - 



« 



The class of Insects corresponds to the same class in the Systema 
Naturse, with the exception of the two getiera sieparated from it, in 
order to form the dass of crustaoea. 

d 2 
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vessels^ and which mast be arranged in a separate 
class, intermediate between the mollasca, crastacea, 
and insects. To this class belong earth-tcarmi and 
leeches. 

Order I. Coleoptera. Having a hollow horny case, 
under which the wings are folded. 

1. Searabaus, beetles. 

2. Lucanus, stag-beetle. 

3. Dermestes. 

4. Ptinus. 

5. Histur. 

6. Gyrinus. 

7. Byrrhus, 

8. Silpha, carrion beetle. 

9. Cassida, tortoise beetle. 

10. Coccinella, ladybird. 

11. Chrysamela. 

12. Hispa. 

13. BruchuSj seed-beetle. 

14. CurculiOy weevil. 

15. AttelabuSy nut-beetle. 

16. Cerambyx. 

17. Leptura. 

18. Necydalis. 

19. LampyriSf glow-worm. 

20. Cantharis. 

21. Elater^ skipper. 
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22. Cicindela. 
33. Muprestis. 

24. DyticuSf water4ieetle. 

25. Carahus. 

26. Tenehrioj meal-worm beetle. 

27. Meloe^ Spanish fly. 

28. MardeUa. 

29. Staphjflmus. 

30. Forfieuhf earwig. 

II. Hemiptera. Four wings, either stretched 
straight out, or resting across each other. 
Some are provided with jaws, others with a 
proboscis, bent towards the abdomen. 

1. JBlatta^ cockroach. 

2. Mantis. 

3. OrylluSf Kocast, grasshopper; 

4. Fvlgora, lantern-fly. 

5. Cicada. 

6. Nolonecta. 

7. Nepaj water scorpion. 

8. CimeXy bug. 

9. Aphis J plant louse. 

10. Chermes. 

11. Coccus. 

12. Thrips. 



XXXVIU INTRODUCTION. 



III. Lepidoptera. Soft bairy. body, and' four ex- 
panded wings, covered with coloured i»cales. 

1. PapiliOy butterfly. 

2. Sphinx^ hawk moth. 

3. Phaltjena^ nioth. 

IV. Neuroptera. Four reticulated wings, glitter- 
ing with colours of every kind. 

J. Libellulay dragon-fly. 

2. Ephemera, day-fly. 

3. Phryganea, water-moth. 

4. Hemerohitis. 

5. Myrmeleon, ant-lion. 

V. Hymenoptera. Generally possessing a sting, 
and having four membranous wings. 

1. Cynips. 

2. Tenthredo. 

3. Sirex. 

4. Ichneumon. 

5. Sphex. 

6. ChrysiSy golden fly. 

7. Vespa, wasp, hornet. 

8. Apis, bee. 

9. Formica, ant. 

10. Termes, white ant. 
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VL DiPTERA. Two-winged insects, having two small 
balances placed on the thorax behind the wings, 
. and generally covered with a little scale. 

1. {EstruSy gad-fly. 

2. Tipida^ crane fly. 

3. Musca^ common fly. 

4. TahanuSy gnat. 

5. Cu/^o;, gnat, mosquito. 

6. Empis. 

7. Conops. 

8. AsiluSf hornet fly. 

9. Hippohosca^ horse-leech. 

VII. Aptera. No wings. 

1. LepismUj sugar-mite. 

2. Produra^ springtail. 

3. PedictduSy louse. 

4. PuleXy flea. 

5. AcaruSj tick, mite. 

6. Hydrachna. 

7. Phalangiunif shepherd. 

8. Aranea^ spider. 

9. Scorpio y scorpion. 

10. Cancer y crab. 

11. ilfonocie/tt^, horse-shoe fisch. 

12. Oniscus. 

13. Scolopendra. 

14. JuluSy centipede. 
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The Vermes may be divided into two orders ; the 
intestinal, which inhabit the bodies of other animals ; 
and the external. 

The former are not of such a complicated oi^ni- 
zation as the latter; so that they are sometimes ar- 
ranged among the zoophytes. The external worms 
have a nervous chord possessing ganglia, an elon- 
gated body composed of rin^s ; and having no dis- 
tinct head. There are no members. Circiilating ves- 
sels, but no heart. No nerves have b^n discovered 
in the intestinal worms. 

The class of worms comprehends $ome of the ge- 
nera arranged by Linn^us among the vermes intes- 
tinal such as the lumbrictis, gordius, thrudo; some 
of the genera placed by the same naturalist among 
the vermes moUtiscaj such as the aphrodita, nereis ^ te- 
rebella, and lastly some genera included in his order 
of vermes testacea, such as the serpula dentalium. 

Order I. Intestina. 

1. GordiuSy hair-worm. 

2. Ascaris, thread-vvorm, round-worm. 

3. TrichocephaltJks, 

4. EchinorhynchvtS^ 

5. LumbrictiSy earth-worm. 

6. Fosmola^ fluke. 

7. Taenia^ tape-wornu 
U. Hydalis, hydatid. 



INTRODUCTION. xU 

9. Sipunculus. 
10.^ HirudOf leech. 

The class of mollusca comprebeikls the greater 
part of the auimals which Linnjsus has arranged in 
the two orders of mollusca and te$iacea^ io the class 
of vermes; such as the sepia, limaXf ascidia^ helix^ as- 
trea, patella^ pholas, teredo^ &c. 

The body of the mollusca is fleshy, soft, and with- 
out articulated members, though sometimes contain- 
ing hard parts internally, and aometimes covered 
completely by hard shells. They have arterial and 
venous vessels, within which the blood undiergoes a 
true circulation. 

They respire by branchiae. The bnunia a distinct 
mass, from which the nerves and nardulla oblongata 
proceed. There are ganglia in difieimt parts of the 
body. 

The internal senses vary as to thfiir number. 
Some of the mollusca have the oi^fana of sight and 
hearing quite distinct^ while others seem to be con- 
fined to the senses of touch and taste. Many^ of 
them can masticate their food ; others have the power 
of swallowing only. 

They have a very lajtge liver, which afbrds a great 
quantity of bile. The ongaiw of gettwatioa vary ex- 
tremelv. 
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II. MOLLUSCA. 

L Limax, slug. 

2. Aplysia. 

3. Deris. 

4. Glaucus. 

5. Aphrodita, sea-mouse. 
6* Amphitrite. 

7. Nereis. 

8. iVitii. 
'9. Ascidia. 

10. Actinia. 

11. Tethys. 

! 12. Holothuria. 
13. 7%aKa. 
1.4. TereheUa, 

15. Lem€Ba. 

16. ScylltBa. 

17. Clio. 

18. Sepitty cuttle-fish. 

19. Medusa^ sea-blubber. 

III. Testacea. These aaimals very much resemble 
the worms of the preceding order. 

1. Chiton. 

2. LepaSy acorn-shejl. 

3. Pholas, pierce-stone. 

4. iU^a, muscle. 

5. Solen^ razor-shell. 
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6. Tellina. 

7. Cardium^ cockle. 

8. Mactra. 

9. Donax. 

10. Venus. 

11. Spondylus. 

12. Ckama. 
\Z. ArcUy ark. 

J 4. Ostrea, oyster. 

15. Anomia. 

16. Mytilusj muscle. . 

17. Pinna^ sea- wing. 

18. Argofmuta^ paper-sailor 

1 9. Nautilus. 

20. Conus. 

21. Ctfprtea. 

22. Bulla, dipper. . 

23. Valuta^ rbomb-shell. 

24. JBuccinufHy whelk. 

25. Stromhus, screw. 

26. Murex, rock-shell. . 

27. Trochus^ top-shell. 

28. Turbo, whirl-wreath. 

# 

29. £r4^/2;ir^ snail. 
80. Merita. 

31. Haliotis, sea-ear. 

32. Patella, limpet. 

33. Dentalium, tooth-shell. 
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34. Serpuhj worm-shell. 

35, Teredo. 

IV. Crustacea. 

The body is covered with a bard erost io separate 
pieces. There are articulated Umbs^ wbicb are often 
very numerous. The nervous system oousists of a 
long, knotted cord, from the ganglia df which pro- 
ceed all the nerves. 

The eyes are compound^ hard, moveaNe. The 
ears are very imperfect. For the seiiae 6f touchy the 
Crustacea have antennae and palpi, like insects. They 
have a heart, arterial and venatis Tessels^ Add bran- 
chiae for respiration. The jaws are trans^^rae, strong, 
and numerous. The stomach has teeth iti^ithki. The 
numerous coeca afford a brown liquor,, which seems 
to be in the place of bile. The penis is dodble^ and 
there are two ovaria.* 

1. Echinus^ sea-hedgebog. 

2. Asterias, sea-stars. 

3. Encrinus. 

v.. CORALLIA. 

They inhabit certain immoirable dwellings which, 
in most cases, are of a stony consistence,, and are 
called corals. 

' — — .M^-^— — — — i.^— — — ^— ^— I III! I , 1 9^a l|l.< H lll |i 

, * The Crustacea include the genus Cancer and the genus monoctihtt 

of LiNlYAUS. 
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1. Tubipara. 

2. Madrepara. 

3. Millepora. 
_4. Cellepora. 

5. Isis. 

Q. Gorgania. 

7. Alcyaniumj animal hydra. 

8. Spongia. 

9. Fluslra. 

10. Tubularia. 

11. Corattina. 

12. Sertvlana. 

13. Celltdaria. 

VI. ZOOPHTTA. 

The class of Zoophjftea correspond to the ^^ 
phjfta and fythopyta of Linnjbus, but also iaelade 
some of the vermes mollusca, such as the echinus, 
asteriaSf hdotkuria, actinia^ medusa^ together with 
the genus sipunculus from the vermes intestina« 

1. Pennatula. 

2. Hydra. 

3. BrachianuSf blossom-polype. 

4. Vorticella. 

5. Furcularia^ wheel-animal. 

6. Vibrio. 

7. Vohox. 
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2. CRUSTACEA. 

Decapoda^ crab, lobster, prawn. 
Stomapoda^ squill. 
Amphipoda, gammarus. 
Isopoda, asellus. 
JSranchiopoda, monocuius. 

3. ARACUNIDA. 

Putmonalia^ spider, scorpion. 
TrachecUiay pbalangium, mite. 

4. INSECT A, 

Aptera^ centipede, podura. 
Coleopteray beetle, glow-worm. 
Orthoptera, grasshopper, locust. 
Hemiptera, fire-fly, aphis. 
Neuroptera^ dragon-fly, ephemera. 
Hymenoptera^ bee, wasp, ant. 
Lepidoptera, butterfly, motb. 
Khipiptera, xenos, stytops. 
Dipterttf gnat, house-fly. 

IV. ZOOPHYTA* 

EchinodermatOy starfish, echinus* 
Entozoa, fluke, taenia, hydatid. 
Acaleplue, actinia, medusa. 
Polypi, hydra, coralline, pennatula, sponge. 
Infusoria, brachionus, vibrio, proteas^ monacr. 
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xlvi INTKODUCTJON.: 



Outline of Cuvier^s Classification of Animals; with 
Examples of Species belonging to each Division. 

I. VERTEBRATA. 

1. MAMMALIA. 

Bimana, man. . 

Quadruniana, monkey, ape, lemur. . ■ '■ 

Cheiroptera, bat, colugo. 

Insectivora, hedgehog, shrew, mole. . 

Planligrada^ bear, badger, glutton.. . 

Digitigrada^dog. lion, cat, niartm, weasel,, otter. 

Amphibia^ seal, walrus. 

Marsupialitty opossum, kangaroo. 

Rodentia, beaver, rat, sqtiirrel, porcupine, horse. 

Edentata^ ^loihy armadillo, anteater^ pangolin, f 

Pachydermata, elephant, hog, rhinoceros, tapir^ 

..horse. 
Ruminantiay cdiV[\e\y musk^ deer, giraffe,.. antelppf^i 

goat, sheep, ox. 
Cetacea, dolphin^ whale. 

2. AVES. 

Accipitres, vulture, eagle, owl. 
Passeres, thrush, swallow, lark, crow, sparrow, wren. 
Scansores, woodpecker, cuckoo, toucan, parrot. 
GallincBy peacock, pheasant, grouse, pigeon. ; 

GralliB^ plover, stork, snipe, ibis, flamingo. 

'••-»■ 

Palmipedes, auk, grebe, gull, pelican, swan, duck. | 
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3. REPTILIA. 

CheloniUy tortoise, turtle. 

Sauria, crocodile, lizard, chamelion. 

Ophidia, serpents^ boa, viper. 

Batrachia^ frog, salamander, proteus, siren. 

4. PISCES. 

Chondropterygiiy lamprey, shark, ray, sturgeon. 
Plectognathiy sun-fish, trunk-fish. 
Lophohranchi, pipe-fish, pegasus. 
Malacopterygii^ salmon, herring, pike, carp, silurus, 

cod, sole, remora, eel. 
Acanthopterygii, perch, mackerel, sword-fish. 



11. MOLLUSCA. 

Cephalopoda, sepia, nautilus. 
Pteropoda, clio, hyalaea. 
Gasteropoda, slug, snaiF, limpet. 
Acephala, oyster, muscle^ ascidia, pyrpsoma. 
Brachiopoda, lingula, terebratula. 
CtrrAopoda, barnacle. 
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III. ARTICULATA. 

1. ANNELIDES, Or TERMBB. 

TubicoliBj serpula, sabella. 
Dorsihran4:hi(^, nerei^,. aphrodite. 
Ahranchus^^,^9iti\X'y9pxmf leech. . 



' • ■. u ■, 



>.« 



COMPARATIVE OSTEOLOGY. 



CHAPTER I. 

ON TH£ BONES OF ANIMALS IN GENERAL. 

§ !• Red-blooded animals only possess a true skeleton;^ to 
which their bones are connected, and on which the general 
tormif as well as the greater or less flexibility of the body de- 
pends* There are a few exceptions to the general rule, that all 
ike bone* of an animal enter into the formation of its ekeleiont 
▼iz. the bone of the tongue, commonly called oe hyoidee; the 
bone of the penis in several mammalia ; the bony ring in the 
scferotica of birds ; the clavicular bones of some mammalia ; 
to which instances may be added the whole anterior extre- 
mity in such mammalia as possess no clavicles ; and the abdo« 
minal fins of fishes, which correspond to the posterior extremi- 
ties of other animals. 

§ 2. The ordinary whitej: colour of the bones has several 
gradations, which are sometimes observable in the different 
parts of the same bone ; as in the grinding teeth of the ele- 



' * Farts of a really bony itructure are found in a few inieeta and worma, viz. in 
ihit stomach of the lobster, and other species of the genus ca$icer ; in the month of 
tiw seft-hedgehog (echinus), &c. These parts at leait resemble true bones more 
t^yn that body, which is commonly called euttl^sh bone. 

t See Galen's remarks on the resemblance between the ape and the human sub- 
ject, in the 1st book of his Chrf'^ceuvre de Anatomicis AdministraHonibui, tom. ir. 
p. 26, Chartier's edition. 

^ The red tint, which the bones of animals receive in consequence of madder 
bebg mixed vrith the food, is observed by Ant. Misaud, in his Centuria Mtmora- 
W«um seu Areanarum onmit generit, p. 161 . Cologne, 1572, 12mo» It is remark- 
able that 'this well known experiment meets with very imperfect success in cold- 
blooded ama^el** 

B 



2 ON THE BONES OF ANIMALS IN GENERAL. 

phant ; a section of which^ or of the tooth of any other 
herbivorous animali as the horse^ ox, &c. shews that its sub- 
stance contains parts differing considerably in appearance. 
Besides the processes of enamel^ which are intermingled 
throughout with the bone^ there are two kinds of osseous 
structure of different colours. In some few genera the whole 
bony structure is of a different colour ;* thus, in the garpike^ 
{esox belone) the bones are green ; and in some varieties of 
the common fowl they approach to a black colour.t 

§ 3. The structure of the bones is subject to still greater 
variations ; which occur in the different bones of the same 
skeleton^ as well as in the whole skeleton of particular classes 
and orders. Instances may be observed in the dry and. brit- 
tle texture of the air bones of birds ; in the long fibres Ivhich 
appear on splitting the bones of the larger amphibia and 
fishes ; in the peculiar tenacity and solidity of individual parts 
in some cartilaginous fishes. 

- Ossification does not go on with equal rapidity in all animals, nor 
in all the bones of the same animal. Thus, the ossification: of the 
internal ear of man, and other mammalia, is completed before any 
other parts ; and the bone formed at this early period surpasses all 
others in density, and in the proportional quantity of phosphate of 
lime which it contains. In the cetacea, particularly the balisna and 
physeUr, (the black and white whales) this part acquires a density and 
hardness equal to those of marble. Its section presents a homogene- 
ous appearance, without the least vestige of fibres, cellular tes^ture^ 
or vessels. 

Bones are slow in their formation in proportion to the remoteness 
of the period at which the growth of the animal is finished. The 
skeleton remains constantly in a cartilaginous state in some animals ; 
such as the shark, skate, sturgeon, and all those fishes which, from 



* This has, however, been asserted without foundation of some animals : thus, 
Nicholls, in his Compend, Anat, p. 7, says, that the amedabad finch (JringiUa 
(unandava) has yellow bones ; and others have stated the same circumstance' re- 
specting the golden pheasant (phasianus pictus), I have dissected both these atii- 
uqiab, and found the assertions to be incorrect. 

. t Abul£eizel, the vizier of Akber the Great, has remarked this of the fowls at 
Indore, and Neennul in Berar, in his classical work, Ayeen Akbery, vol. ii. p, 72 ', 
and Niebuhr has stated it of those at Persepolis. Travels, vol. ii. p. 12. 
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ibis circumstance, have been denominated cartilaginonsi or choH" 
droptcrygii. Although the bones of other fishes, of reptiles, and 
serpents, acquire a greater hardness, they constantly remain more 
flexible, and retain a larger proportion of gelatine in their structure, 
than those of warm-blooded ammals. 

The bony texture of quadrupeds is not so fine and delicate as that 
of man : it is particularly loose and coarse in the cetacea, where the 
distinction of the fibres is very manifest, even on the external sur- 
fiice. In the jaw and the ribs particularly, the fibres may be 
loosened by maceration, and become very obvious. 

The bones of birds consist of a thin, firm, elastic substance, formed 
of layers apparently fastened on each other. They are almost uni- 
versally hollow ; but their cavities, which never contain marrow, are 
filled with air. This organization unites the advantages of lightness 
and strength. 

The bones of reptiles and fishes have a very homogeneous appear- 
ance, the earthy matter and the gelatine appearing to be uniformly 
mingled : this is more strikingly marked, as we approach to the car- 
tilaginous fishes, where the gelatine predominates, and conceals the 
earth. 

Several animals have no medullary cavities even in their long 
bones. This is the case with the celacea, the seal, and turtle. 

The horn of the stag is a real bone, as appears both firom its tex- 
ture, and its component elements. Its outer part is hard, compact, 
and fibrous ; the internal substance is reticulated, but very firm ; 
and possesses neither cavities nor marrow. It is liable to precisely the 
same diseases as other bones ; thus, we sometimes find exostoses 
formed upon its surface by the extravasation of its calcareous mat- 
ter, while in other instances, from a deficiency of this component 
party it is rendered light and porous. 

The shells of the testaceous animals are formed of a calcareous 
substance, which is sometimes laminated; sometimes as hard and 
dense as marble. This substance is mingled, as in other bones, with 
a gelatinous matter, fi'om which it may be separated by means of 
acids. The earth is not disposed in fibres, or laminae, as in other 
bones ; but is uniformly expanded through the animal substance. 

The layers of the shell are formed successively, as the animal in-* 
dpeases in size. The exterior or smallest are formed first : others 
9ie .successively deposited on the inner surfiice of these ; each new 
layer extending beyond the margin of the former one^ so that the 
shdl* by every addition, increases in thickness and circumference. 
Are these new layers formed by vessels existing in the shell itself, or 
"^Afe they produced by exudation from the surfiice of the animal ? 
Bfiftumur broke the shell of snails, and found that no reproduction 
todk place,, when he covered the exposed part of the animars body ; 
while the injury was quickly repaired, when no artificial obstacle im- 
peded the efilision of fluids firom the surface. This experiment 
seems^to pi^ve that the shell is formed by deposition from the body 

B 2 * 
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of the animal ; but there is an arffument equally strong in favour of 
the existence of vessels in the ^ell itself. Between the two last 
formed layers of the convex shell of the oyster, a considerable cavity 
is found, filled with a fetid and bitter fluid, and communicating by a 
particular opening with the internal parts of the body. — This must 
be destroyed and reproduced whenever a new lamina is added ; and 
we cannot understand how such processes can be effected without ar- 
terial and absorbing vessels. 

CruUaceous animals (crab, lobster, &c.) have a skeleton which sur- 
rounds and contains Uieir soft parts, and which serves at the same 
time the purposes of a skin. When it has attained its perfect con- 
sistence. It grows no more ; but as the soft parts still increase, the 
shell separates, and is detached, being succeeded by a larger one. 
This new covering is partly formed before the other separates ; it is 
at first soft, sensible, and vascular ; but it speedily acquires a hard 
consistence by the increased deposition of calcareous matter. 

Some of the moUusca have hard parts in the interior of their body. 
The common cuttlefish {sepia ojficinalis) has a white, firm, and calca- 
reous mass, of an oval form, and slightly convex on its two sur&oesi 
commonly known by the name of the cuttlefish-hone, contained in the 
substance of its body. It has no connexion with any soft |Murt, 
whence it appears completely as a foreign body : no vessel or narve 
can be perceived to enter it ; nor does it receive the attachment pf 
any tendon. In the calmar {sepia loligo) this body resembles lK>ni 
in its appearance ; it is transparent, hard, and brittle. Its form re- 
sembles that of a leaf, except that it is larger ; and sometimes that of 
a sword-blade. This structure must grow like shells, by the simple 
addition of successive layers. 

§ 4. Excepting the crown of the teeth, bones are univer- 
sally covered with periosteum ; and for the most part they 
contain marrow* internally ; which varies much in consistence, 
being fluid in^ whales. 

§ 5. Bones are formed by the ossification of original carti- 
lages; the teeth being again for the most part excepted. 
Ossification commences earlier, and proceeds more rapidly in 
viviparous, than in oviparous animals. This fact appears at 
least from comparing the incubated bird with the foetus of 
mammalia. It is well known, that the incubation of the chick 
occupies twenty-one days. The commencement of ossifica- 

* The erroneous opinion which Aristo^ held, of the want of marrow in the 
bones pf the lion, does not require an express refutation. On that subject* as well 
as on some other mistaken assertions, see R. Hener, Apolo^* pro V^salio adversia 
gylviuQ. Venet* 1555, Bvo. p. 27, 
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tion is not perceptible before the beginning of the ninth day ; 
which, corresponds with the seventeenth week of human preg- 
nancy. In the human embryo the first points of ossification 
may be discerned in the seventh or eighth week after concep- 
tion, certainly not in the third or fourth week, as some anato- 
mists have supposed. These facts shew how little confidence 
can be placed in that remark of Haller's, which concludes his 
otherwise masterly observations on the formation of the bones 
in the incubated chick : Qua de pullorum ossibus demon* 
iiravimust ea etiam de aliis animantiwm classibus vera erunij 
et de ipso demum homine : '' What I have proved as to the 
bones of the chicki will hold good with respect to those of 
other classes of animals, and of man." Of the mammaliai it is 
to be observed, that many points in the formation of the 
bones are completed sooner in quadrupeds than in man. An 
example occurs in the closure of the fontanelles. I have found 
these openings of considerable size in young foetuses of the 
fer^B and pecora, but could hardly discern any trace of them 
at the time of birth ; nothing at least which could be com- 
pared to their magnitude in a human foetus of nine months. 
When we compare the pelvis, and the whole mechanism of 
parturition in the woman, with those of the female quadruped, 
the cause of this difference appears. We then discover why 
the yielding and overlapping of the large bones of the cranium, 
which is chiefly effected by the fontanelles, is only required to 
facilitate the birth of the human foetus. 

Professor Florman, of Sund, however, denies altogether 
the appearance of the fontanelles in the skulls of young anir^ 
mals, according to Weber's and Mohr's Natur-histor, Reise. 
durcA einen Theil ScAwedens, p. 35. But I have found them 
in many of the digitata, as for instance in the new born lepus,, 
of very considerable size. 

As chemical analysis has discovered some interesting differences 
in the constituent ing;redients of the hard parts of various animals, 
it seems right to give a short account of them in the present place. 

The bones and teeth of red-blooded animals consist chiefly of 
phosphate of lime, deposited in the interstices of an animal sub- 
stance ; which, when freed from the earthy matter by the immersion 
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of the bone in an acid, approaches in its consistence to cartilage. 
This is completely dissolved by boiling in a close vessel, and is 
thereby proved to consist of gelatine. A small quantity of carbonate 
of lime IS mixed with the phosphate ; and hence effervescence arises 
when a bone or tooth is subjected to the action of acids. 

The horn of the stag is bone, containing a large proportion of ge- 
latine. 

The bones of fishes contain phosphate of lime ; but the animal 
substance exists in very large proportion, particularly in those whidi 
are called cartilaginous, where it completely obscures the earthy 
matter. 

Carbonate and phosphate of lime, deposited on a cartilaginous 
basis, which retains the form of the part, afler the earthy matter has 
been separated, constitute the external covering of the cntftaceous 
animals, (crab, lobster, &c.). The carbonate is in greatest quantity. 

Carbonate of lime, with a small quantity of phosphate, forms the 
earthy principle of the shell of the echinus. 

The shells of the testacea are entirely composed of carbonate of 
lime, united to a gelatinous substance. When immersed in acid, a 
rapid effervescence ensues. Some of them, which are very hard in 
their texture, and have an enamelled surface, contain so litde animal 
matter, that they are completely dissolved by acids, like the enamel 
of the teeth. But others, which consist of what is called mother of 
pearl, and are formed by successive strata, (e. g. the oyster, muscle, 
&c.) contain a much larger proportion. When these have been ma- 
cerated in acid, a gelatinous substance remains, consisting of several 
layers of membrane, arranged stratum super stratum. 

It appears therefore, that phosphate of lime is the pecuhar earth of 
bone, and carbonate that of shell ; although no bone has been hitherto 
discovered without a small admixture of the latter ingredient. 
Hence, that singular production from the body of the cuttle-fish is 
improperly called bone ; as it consists, like shells, of various mem- 
branes, hardened by carbonate of lime, without any phosphate. See 
*' Experimentt and Observations on Shell and Bone" by C. Hatchett, 
Esq. Philos. Trans, 1799. 

The same excellent chemist has also found, that the zoophytes 
consist of carbonate of lime joined in different instances to various 
proportions of animal substance. Philos, Trans, 1800, Part II. 



CHAPTER II. 

ON THE SKELETON OF MAMMALIA. 

k 6. The form of the different mammalia^ particularly the 
fpur-footed ones,* varies considerably ; and their skeletons 
must be marked by corresponding differences. Yet these va^ 
rieties may be included^ at least for the greatest part^ under 
the following peculiarities; which serve to distinguish their 
skeletons from those of birds. 

The skeletons of mammalia Those of birds are distin- 

possess ; guished by ; 

1. A skull with genuine su- 1. A skull which has not 
tures (at least with very few real sutures.} 
exceptions; as perhaps the 

elephant, and the duck-billed 
animal^i* omithorhynchus), 

2. Jaws furnished with 2. A bill without teeth, 
teeth; except the ant-eaters, 

the mams, the duck-billed ani- 
mal}§ the bakena (whale). 



* Compare this chapter with Goethe's ingenious osteological view of the four- 
footed animals, in the 1st vol. of his Marphologie, p. 165 ; and the instructive plates 
of the skeletons of quadrupeds, of which I have given a sketch in my work on the 
bones, to which maybe also added what has most recently appeared on this subject in 
Cuvttfr's Oisemens Fossiles, and the Treatise of Dr. Pander and Professor D*Alton. 

t This is the case, at least, with my specimen : the cranium, destitute of sutures, 
strikingly resembles that of a bird in this respect. 

t This is meant to apply to adult birds ; for young individuals have at least sepa* 
rate cranial bones, if they are not connected by real denticulated sutures. The bones 
of the head in birds are joined either by the squamous kind of suture ; or by the 
mere apposition of their margins, which species of union is termed hcn-monia ; but 
they are soon consolidated into a single piece. 

$ The duck-billed animal has, however, according to Cuvier, two teeth situated 
at the bottom of the mouth, without roots, with flat crowns, and composed like .those 
of the oricteropus, of small vertical tubes. 
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S. An immoYeable upper 
jaw. 

4. An OS intermaxittare. 
(For the probable excep- 

tionsy see § 15.) 

5. Two occipital condyles. 

6. Seven cervical vertebrae; 
except the three-toed sloth, 
and some cetacea. 

7. Moveable dorsal verte- 
brae. 

8. A pelvis closed in front ; 
except the ant-eaters; which 
have it open ; and the cetacea, 
which have none. 

9. True clavicles in a few 
genera only. 



3. A moveable upper jaw : 
There are some exceptions, 

viz. the rhinoceros bird* 

4. No OS iniermaxillare* 



5. A single occipital con- 
dyle. 

6. More than seven oervi- 
cal vertebrae* 

I 

7. Dorsal vertebras litde 
moveable, and for the most 
part motionless. 

8. A pelvis open anteriorly. 
Except the ostrich. 



9. Clavicles constantlyi and 
almost as universaUy tbe^/or^ 
like bone.* 



% 7. We shall first describe the cranium*!* of mammalia; 
since its structure most materially influences the whole animal 
economy, from serving as a receptacle for the brain, most of 
the organs of sense, and those of mastication J! 



* The rudiments of this bone are to be found in the cassowary and ostrich, see 
$57. 

t Compare the numerous plates of the skulls of many animals, of both warm- 
blooded classes in the Atlas to Gall's and Spurzheim's Anat, du Syst. Nerveux, and in 
Spix*s CephabgenesiSf and the useful observations on the skull and other parts of the 
skeleton in many quadrupeds in Dr. Neegaard's Beytr'dgen lur vergUichenden Ana- 
tomie, &c. Gottingen, 1807-8, p. 91. 

i J. P. Frank was perhaps the first to notice the analogy between the vertebra 
and skull, in the 11th volume of his Delectus Opusctdorum Medicor, 1792, p. 8. In 
ea sempei' opinione versatus mm quamcunque spinalis columnw vertebratn pro parvo, m- 
demque iransversOf cranio esse consiierandum : ** I have always been of opinion that 
every vertebra of the spinal column is to be regarded as a small transverse cranium ;" 
and again, extrema et ex omnibus maxime conspkua, nobiUssimaque vertebra, qu€un calvfh 
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§ 8. The well known diyision of the bones of the head into 
those of the cranium and of the face, is convenient for point- 
ing out the remarkable proportions of relative magnitude in 
the two divisions.* Compare, for instance, the skull of the 
kangaroo {didelphis gigantea) with that of the opossum^ {did. 
marsupiaUs) or the skull of the dolphin {delphinus delphU) 
with that of the white whale {physeter macrocepkahui). 

\ 9. The number of proper bones of the cranium is, on die 
whole, the same as in the human subject. The os frontis, 
however, in most of the horned animals, is composed of two 
equal portions ; in many of these the two parietal bones are 
consolidated into one, and in others they are united to the oc- 
ciput. Some of the digitata have a peculiar flat bone situated 
transversely between the parietal and occipital bones.t 

§ 10. As the forehead of man is peculiarly distinguished 
by the beauty of its convex superficies, so is that of many of 
the quadrumana, as the larger animals of the monkey tribe, 
papio mormon^ &c. by the large flat triangular surfiice into 
which it is compressed, and the sides of which converge from 
^e processus malares at the external angles .of the orbits, ob- 
liquely backwards, towards the crista occipitalis.^ 



riam appellamut: ** the last and most coD^icnoos and moveable of all the ¥crtebn»» 
is that called the calTaria, or skulUcap." These views are farther developed bj Oken 
m his tieatiae Ub€r du Bedeutung der SehSidelknoekn, Jeoja, 1807^; and Ulricb Be 
Stum ae Sigw^catume Otdum Cafritit, tpeciatkn de Ca/nU Tetiudinis. Beriin, 1816. 

* A profile view answers as well for this purpose as a view taken verticallj. I 
have explained the use of the latter, (which I call norma vertiealu) in comparing the 
national forms of human crania, in the 3rd edition of my work, De Generis kumani 
Varietate Nativa, p. 203, and in the 4th, Decas. Crani, divers, Gmt, p. 12. See 
also Wolt, H. Crull, de Cranio, ejusqus ad Fadtm ratione, Gronig. 1810, Spix ; and 
Mr. Lawrence's excellent Lectures on Physiology, Lond. 1819. 

t See Merrem's anatomy of the domestic mouse, in his MiseelUoMous Ohervations 
en Natural History, and Meyer's Prodromus Anat, Murium, who calls it at trmteoer' 
sum : particularly Gotthelf Fischer's treatise De Osu Epaetali, seu Goihiano Padnt- 
gradorum, Mosqwt, 1811. Some excellent observations on the developement of this 
hone, and on that of the os occipitis in many of the mammalia are to be jRmnd in 
Meckel's Handbuch der Pathohgische Anatomie, vol, i. p. 326. 

t In tiie horrid-looking skull, which I possess in my collection, of a person 
thirty yean of age, and idiotic from birth, and which I have described in the 
Commentatio da AnamaHs el vitiosis quHntsdam Nitus Formativi Aberratiombus, Gott 
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The sphenoid hone is often divided into two parts in the quad' 
rumana ; one of these forms the lesser alse^ and anterior dLinoid 
processes ; the greater alse, the posterior clinoid processes, and ba- 
silar fossa, are formed hy the other portion. 

The two parietal bones form a single piece in the bat 'kind. The 
same circumstance occurs in the carnivoray in the pig, tapir^ Uppcpa^ 
tamus^ and horse. 

The frontal and parietal bones of the elephant become consoli- 
dated, at an early period, with all the other parts of the cranium ; 
so' as to form a bony cavity, in which no trace of sutures can be dis- 
cerned. The parietal, occipital, and temporal bones are likewise 
joined at an early period into one piece in the cetacea. 

The pig, hippopotamus, tapir, horse, seal, walrus, and Che rodentia, 
have the os firontis divided by a middle suture into two portions. 

That portion of the os temporis, which contains the tympanum, is 
separated from the rest of the bone by a suture, which is seldom 
completely united in the dog, cat, and civet. The cavity of the 
t3rmpanum is also separated in the rodentia, and the os frontis re- 
mains divided into two portions. In the cetacea the parietal bones 
are joined at a very early period to the occipital and temporal,' so 
that the five bones form only one. The bone of the ear is always 
separated, and is merely attached to the cranium by soft parts. In 
the elephant this bone is also distinct and separated from die tempo- 
ral. 

The cranium of the mammalia possesses the same fossse at its basis, 
as are found in the human subject : they are however much shal- 
lower ; and the eminences which define them are much less strongly 
marked than in man. This difference is very perceptible even in 
the simice, where the cavities which hold the cerebellum are nearly on 
a level with the middle fossae of the basis cranii ; and the sella 
turcica is more superficial. The same fact is more strongly 
marked as we arrive at those animals, whose general structure de- 
viates more considerably from that of man. Those mammalia, which 
have the occipital foramen situated at the back of the head, must 
have the fosscz cerebelli moved upwards ; hence, that margin of the 
fossae, which is posterior in man, passes across the upper part of the 
back of the head in these animals. 

The optic foramina of the elephant commence from one canal, 
which receives the two optic nerves. 

The foramen rotundum is sometimes absent, its place being sup- 
plied by the spheno-orbitar fissure, (foramen lacerum) e. g. in the 
elephant and horse. The foramen ovale is also frequently wanting ; 
being included perhaps in the space left between the petrous por- 



1813, p. 4, the animal expression is particularly given to it by the shape of the 
forehead. This is of a triangular shape, and so compressed, that the upper edges of 
the plana semicircularia for the attachment of the temporal muscles are scarcely a 
thumb's breadth from each other. 
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lion of tbe temporal bone, and the body of tbe sphenrnd. This 
latter opening does not exist in the genu$ timia^ nor in the comt- 
vorous mammalia^ nor in the ruminantia. It is on the contrary very 
hum in the elephant, and in some rodentia. 

The carotid canal does not exist in the rodentia ; bat the artery 
enters at the opening between the sphenoid and temporal bones. 

The structure of the cranium presents a very remarkable singula- 
rity in the elepliant. Its two tables are separated firom each other to 
a considerable extent by numerous bony processes ; between whidi 
are formed a vast number of cells, communicating with the throat by 
means of the eustachian tubes, and filled with air, instead of the 
bloody or medullary substance which occupies the diploe of ani« 
malt. The use of this structure in increasing the sur&ce for attach* 
ment of those large muscles which belong to the lower jaw, pro- 
boscis, and neck ; and in augmenting the mechanical power of these 
muscles by removing their attachments to a greater distance firom 
the centre of motion, has been very ingeniously explained by Camper, 
{(Euvre$f tom. ii.). These advantages are attained by the cellular 
structure which we have just described, without augmenting the 
weight of the head, and this precaution is particularly necessary in 
the present instance, as the head is on other accounts more heavy and 
massy in this than in any other animal. The air cells of birds in ge- 
neral, and particularly those which pervade the cranium in the 
ostrich^ eagle^ and owlf present examples of a similar formation, at- 
tended with the same uses, viz. those of increasing the bulk and 
strength of the bone, and diminishing its weight. 

§ 1 1. A principal variation in the form of the cranium arises 
from the size and direction of the erisia oceipitaUSf which 
bears a determinate proportion to the strength of the jaws. 
It is wanting in most monkeys, but is very large in the baboon 
of Borneo.* The longitudinal crista is very strongly express- 
ed in the btidger ; and the transverse ridge is remarkable in 
the beaver, and both in the opossum. Between the arched 
sides of the upper part of the cranium in the elepJutnt Ues a 
broad and deep impression, with a small longitudinal crista^ at 
its bottom. 

There is a considerable difference in this respect between 
the various races of dogs : as between the pug-dog and that 
of Newfoundland. 

The crista occipitalis is a sharp, bony ridge, projecting from the 



* See G. Fischer's NaturhuUmaehB Fragmente, voL i. tab. 3> 4. 

t See Camper DeKript* AnaUmi^ cTun Elephant male, tab. 13. fig. 6. 
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upper and back part of the cranium in mammalia, chiefly finr the 
attachment of the temporal muscle. 

The siae of the temporal fossa depends upon the magnitude of the 
muscle which it contains. Hence it is larger in the camivora than 
in any other order ; not only occupying the whole sides and upper 
part of the cranium, but being still further increased by promineiit 
Dony crista, growing from the frontal, parietal, and occipital bones. 
The two temporal muscles are indeed separated in many of these 
animals merely by the parietal ridge, which would completely cover 
the cranium. 

These ridges are not so strongly marked in any animals oa in the 
camivora: yet they are discernible in most of the simia. They oceor 
also in animals of the pig kind, and in the other pachydermata ; the 
occipital crista is found where the others do not exist ; aa it serfes 
for Uie attachment of the muscles of the neck. 

§ IS. The situation and direction of the great ocdpUalfth 
ramen are attended with remarkable variations in some in- 
stances. Instead of being situated far more anteriorly, and for 
the most part horizontally, as in the human subject,* (in which 
indeed the anterior margin is sometimes higher than the poste- 
rior) it is placed, in most quadrupeds, at the base of the cra- 
nium, and obliquely, with the posterior border more or less 
turned upwards. In some, indeed, its direction is completely 
vertical ; and in the marmot of the Alps its upper margin is 
turned more forwards than the lower .f 



* In the skull to which I have before alluded, this opening for the spinal mairow 
lies much further back than in any of the numerous apes and baboons with which f 
have compared it. 

t See Daubenton, on the different Situation of the great Occipital Foramen in Man 
and Animals, in the Mim. de VAcad, des Sc. de Paris, 1764, p. 568. On the dif- 
ference, which we are now considering, this excellent zootomist founded his oceqn- 
tal line, which has been employed in the comparison of different crania with each 
other. He draws two lines, which intersect each other in the profile of the skull : 
one passes from the posterior margin of the great foramen, (which, in almost all 
mammalia, is also the superior one,) through the lower edge of the orbit ; the other 
takes the direction of the opening itself, beginning at its posterior edge, and touch- 
ing the articular surface of the condyles. He determines according to the angle 
formed by the junction of these two lines, the similarity or diversity of the form of 

crania. 

This angle is, however, but an imperfect criterion ; for its variations are included 
between 80* and 90^ in almost all quadrupeds, which differ very essentially in other 
points ; and sknall variations occur in the individuals of one and the same genus. 
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The v^uriations in the situation of the occipital foramen are impor- 
tanty when viewed in connexion with the ordinary position of the 
animal's body. In man, who is designed to hold his body erect, 
this opHBning is nearly equi-distant from the anterior and posterior 
extremities of the skull. The head, therefore, is supported m a state 
of equilibrium on the vertebral column, llie angle, formed by the 
two lines mentioned by Danbenton, is only of three degrees. 

Quadrupeds have the occipital foramen and condyles situated 
fiurthor back, in proportion as the face is dongated. That opening, 
instead of being nearly parallel to the horizon, forms a considerable 
angle with it ; which, measured according to Daubenton, is of 00 
degrees in the horse. The weight of the head in these animals is not 
dierefore sustained by the spme; but by a ligament of immense 
strength, which is either entirely deficient, or so weak, as to have its 
existence disputed in the human subject. This ligamentum nucha^ or 
cervical ligament^ arises from the spines of the dorsal and cervical 
vert e brae, (whidi are remarkably long for that purpose,) and is fixed 
to the middle and posterior part of the occipital bone. It is of 
great size and strength in all quadrupeds, but most particularly in 
me elephant ; where Uie vast weight of the head, so much increased 
by the enormous size of the tusks, suflSciently accounts for its in- 
creased magnitude. It is bony in the mole, probably on account of 
the use which the animal midces of its head, in disengaging and 
throwing up the earth. 

Animals of the genus simia and lemur hold a middle rank between 
many who is constantly erect, and quadrupeds, whose body is sup- 
ported by four extremities. Their structure is by no means calcu- 
lated, like that of man, for the constant maintenance of the erect 
E>sture; but they can support it with gpreater facility and for a 
nffer time than other animals. Hence, in the orang'Ouiang^ the 
ocajntal foramen is only twice as fiur firom the jaws as nrom the back 
of the bead, so that Daubenton's angle is only 37*. Jt b somewhat 
larger in the other species otsimia: ; and measures 47^ in the lemur. 

§ 13* The true sutures, which connect the individual bones 
of the cranium, are generally less intricate, at least to outward 
appearance, in quadrupeds than in man. Their indentations 
are very strong and sharp in the homed peeora, for obvious 
reasons ; and the frontal bones are thick in the same animals^ 
In sheep, aflected with the staggers, where the hydatid is large, 
and situated at the surface of the brain, I have found thb part 
of the bene almost completely absorbed ; so that it yielded to 
pressure, and appeared like a thin cartilaginous membrane* 
The oiricula womUana are seldom seen in the crania of ani- 
mals, yet I have specimens of these in the hare, and a young 
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orang-dutang ; the sutures of the latter are remarkably ele- 
gant. The observation, therefore, which Eustachius makes 
{Ossium Examen, p. 173), concerning the sutures of apeSi 
namely, that " they are always so obscure, as scarcely ever 
to deserve the name of sutures/' must be understood with 
some limitations. 

§ 14. The general form of the cranium is most materially 
influenced by the direction, and the various degrees of promi* 
nence of the facial bones. The projection is generally formed 
by a prolongation of the upper jaw ; partly also, and in many 
instances chiefly, by the os intermcuvillaref which is inclosed 
between the two upper jaw-bones. To determine this with 
greater precision. Camper instituted the Jucial line, the appli- 
cation of which is most minutely explained in his posthumous 
work, " On the Natural Differences of the Features,** &c. 
Like Daubenton, he draws on the profile of the cranium two 
straight lines, which intersect each other ; but in different di- 
rections from those of the French anatomist. A horizontal 
line passes through the external auditory passage, and the 
bottom of the cavity of the nose ; this is intersected by a more 
perpendicular one, proceeding from the convexity of the fore- 
head, to the most prominent point of the upper jaw, or of the 
intermaxillary bone. The latter is the ^ro^ex facial line ; and 
the angle, which it forms with the horizontal line, determines, 
according to Camper, the differences of the crania of animals, 
as well as the national physiognomy of the various races of 
mankind. 

I have mentioned my objections to its application, in the 
latter point of view, in my work, De Generis Humani Fariet. 
Nativ, 3d edit. p. 200. Concerning its use, as applied to the 
crania of animals, the same observations which were made on 
the line of Daubenton will hold good, mutatis mutandis. 
About three-fourths of all the species of quadrupeds, which 
we are hitherto acquainted with, whose crania differ extremely 
in other respects, have one and the same facial line. 

The two organs which occupy most of the face, are those of smell- 
ing and tasting, (including those of mastication, &c.). In proportion, 
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as these parts are more developed, the sise of the face, compared to 
that of the cranium, is augmented. On the contrary, when tne hrain 
is large, the volume of the cranium is increased in proportion to that 
of the face. A large cranium and small face indicate therefore a 
large hrain, with inconsiderable organs of smelling, tasting, masti- 
cating, &c. ; while a small cranium, with a large fiice, shew that 
these proportions are reversed. 

The nature and character of each animal must depend considerably 
on the relative energy of its different functions. The brain is the 
common centre of the nervous system. All our perceptions are 
conveyed to this part, as a sensonum comnnmc : and this is the organ 
by wnich the mind combines and compares these perceptions, and 
draws inferences from them; by which, in short, it reflects and 
thinks. We shall find that animals partake in a greater degree of 
this latter faculty, in proportion as the mass of medullary substance, 
forming their brain, exceeds that which constitutes the rest of the 
nervous system ; pr, in other words, in proportion as the organ of 
the mind exceeds those of the senses. Since then, the relative pro- 
portions of the cranium and face indicate also - those of the brain, 
and the two principal external organs, we shall not be surprised to 
find that they point out to us, in great measure, the general charac- 
ter of animals, the degree of instinct and docility whi<m tliey possess. 
Man combines by far the largest cranium with the smaUest face; 
and animals deviate from these relations in proportion as they in- 
crease in stupidity and ferocity. 

One of the most simple methods (though sometimes indeed insuffi- 
cient,) of expressing the relative proportions of these parts, is by 
means of the facial line, which has been already described. This 
angle is most open, or approaches most nearly to a right angle in 
the human subject ; it becomes constantly more acute, as we descend 
in the scale, from man; and in several birds, reptiles, and fishes, 
it is lost altogether, as the cranium and face are completely on a 
level. The idea of stupidity is associated, even by the vulgar, with 
the elongation of the snout : hence the stupidity of the crane and 
mipe has become proverbial. On the contrary^ when the facial 
line is elevated by any cause which does not increase the capacity of 
the cranium, as in the elephant and ow/, by the cells which separate 
the two tables, the animal acquires a particular air of intelligence, 
and gains the credit of qualities which he does not in reality possess. 
Hence the latter animal has been selected as the emblem of the 
goddess of wisdom. The invaluable remains of Grecian art sheyr 
Siat the ancients were well acquainted with these circumstances; 
they were aware that an elevated facial line formed one of the grand 
characters of beauty, and indicated a noble and generous nature. 
Hence they have extended the facial angle to 90** in the representa- 
tion of men on whom they wished to bestow an august cnaractier, 
and in the representations of their gods and heroes they have even 
carried it beyond a right ancle, and made it 100^. 

It must, however, be allowed, that the facial angle is of chief 
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inportanoe in its application to the cranium of the human subject, 
and of the quadrumana ; as various circumstances a£fect the concfai- 
sions which would result from emplojring it in other classes of no^un- 
malia. Thus in the carmoorouif uid some of the rymmaiing: animals, 
in the^, and particularly in the eUphanif the flT^t size of the icom^ 
tal sinuses produces an undue elevation of the racial line. In many 
of the rodentia, as the harCf &c., the nose occupies so large a spacer 
that the cranium is thrown quite back, and presents no point oo a 
front view, from which this line can be drawn. 

The following are the angles formed by drawing a line along the 
floor of the nostrils, and intersecting it by another, whidi touches 
the anterior margin of the upper alveoli, and the convexity of the 
cranium (whether the latter point be concealed by the face or not). 

European infant 90* 

adult 85 

Adult negro . , • • . 70 

Orang-outang 67 

Long-tailed monkeys • • • • 65 

Baboons 40 to 30 

Pole-cat 81 

Pug dog 35 

Mastiff; the line passing along the outer 

surface of the skuII • ... 41 

Ditto, inner ditto . • . • 80 

Leopard ; inner sur&ce • . • 28 

Hare dO 

Ram 80 

Horse. 28 

Porpoise 25 

In the 3d and 4th tables of Cuvier*s Tableau Elementaire de THii* 
toire Naiurelle, the crania of several mammalia are represented in 
profile ; so as to afford a sufficient general notion of the varieties in 
the fiunal angle. A similar comparative view, in one plate, is given 
by White, in his account of the Regular Gradation^ &c., from the 
work of Camper. 

The mode of comparison instituted by Cuvier shews the relative 
proportions of the cranium and face much more satisfactorily than 
that of Camper. This learned naturalist makes a vertical section 
of the skulls of different races of men, and the various classes of 
animals, and then compares the relative proportion of the cavity of 
the cranium to that of the section of the face. In the European the 
area of the section of the cranium is four times as large as that of 
the face ; the lower jaw not being included. The proportion of the 
face is somewhat larger in the negro ; and it increases again in the 
orang-outang. The area of the cranium is about double that of the 
face in the monkeys ; in the baboons, and in most of the carnivorous 
mammalia, the two parts are nearly equal. The face exceeds the cra- 
nium in most of the other classes. Among the rodentia, the hare and 



\ 
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marmot have it one-third larger ; in the porcupine^ and the rtmnnanMt 
the area of the face is about double that of the cranium ; nearly tri- 
ple in the hippopotamus, and almost four times as large in the* hone. 
In reptiles and fishes, the cranium forms a very inconsiderable por- 
tion, of the section of the head ; although it is considerably larger 
than the brain which it contains. 

The outline of the face, when viewed in such a section as we have 
just mentioned, forms in the human subject a triangle, the longest side 
of which is the line of junction between the cranium and face. This 
extends obliquely backwards and downwards, from the root of tlie 
nose towards the foramen occipitale. The front of the face, or the 
anterior line of the triangle, is the shortest of the three. The face is 
so much elongated, even in the simia, that the line of junction of the 
cranium and face is the shortest side of the triangle ; and the ante- 
rior one the longest. These proportions become still more consi- 
derable in other mammalia. 

§ 15. The upper jaw-bones of other mammalia do not, as 
in man^ touch each other under the nose, and contain all the 
upper teeth ; but they are separated by a peculiar single or 
double intermaxillary hone,^ which is in a manner locked be- 
tween the former, and holds the incisor teeth*)* of such animals 
as are provided with these teeth. It exists also in the pecora^ 
which have no incisor teeth in the upper jaw ; as well as in 
such genera as have no incisor teeth at all, viz. the duck" 
billed animal^ the Cape ant-eater, and the armadillo. It is 
even found in those mammalia which are wholly destitute of 
teethy as the ant-eater and the proper whales.X It is joined 
to the neighbouring bones by sutures, which run externally by 
the side of the nose and snout, and which pass, towards the 
palate, close to the foramina incisiva.§ Its form and magni- 

* Gotth. Fischer on the different formt of the intermaxillary bone in different ani- 
wait, with plates* Leipzig, 1800, 8vo. ; and Kool's Annotationet Anatomica. Oronig. 
1800, p.^6. 

t Vesalius De c, h. fabrica, p. 46, fig. I. 

X. On this account I prefer the term intermaxillary bone to that of ot incisivum, 
.which is employed by Haller. Blair, in his excellent account of the anatomy of 
the. elephant, calls it ot palati ; and Vitet ot maxillaire intirieur, 

§ In human crania, at least those of the foetus and young children, there is at 
the same part a small transverse slit near the foramen indsivum, of which Fallopiat 
gave the following accurate account in the year 1561 : Reperio hanc divitionem vel 
rimam potkaeste, quam tuturam; cum ot ab oste non teparet, neque in exteriarilmt ap^ 
pareat, vel cum ot cum one wm coi^ngttt, quod swturarum mumu ett. ** I find this to 
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tude vary surprisingly in several orders and genera of mam^ 
malia. It is small in many ferae, as also in the walrus (tri- 
chechus). In many of the glires^ it is remarkably large^ vu. 
in the beaver and marmoL It is also large in the hippopth 
tamus, porpoise, and cachalot, (physeter macrocephahai) and 
particularly projecting in the wombat. Its form is very re- 
markable in the omithorhynchus, where it consists of two 
hook-like pieces, joined by a broad synchondrosis.*}* 

The want of the os intermaxillare has been regarded as a diief 
characteristic of the human subject ; as one of the leading circunir 
stances which distinguish man from other mammalia. That this 
bone is really wanting in man must be allowed, notwithstanding the 
doubts of Vicq d'Azyr. The well-known transverse slit, bd^nd 
the alveoli of the incisors in the human foetus, would form a very 
slight and remote analogy between the human structure and that of 
animals ; and when we consider, that tlie superior or facial surfiice 
of the maxillary bones, so far from being marked by any suture, 



be rather a division or fissure than a suture, since it does not separate one bone froo^ 
the other, nor does it appear exteriorly, nor join two bones, which is the office of 
sutures." Obs, Anat, How far the alveolar portion of the superior maxillary bona 
mariLed by the fissure between them may be regarded as a rudiment of an mteif- 
maxillary bone, has been ably shewn by Gothe, in the. 1st vol. of his Morphologig, 
Compare Vicq d'Azyr. M^m, de VAcad, des Sc. 1780, and Const* NiccOi de Lubii 
leperini congeniti Natura et Origine, Ultraj. p. 25. 

In the celebrated dispute of the 16th century, whether Galen's osteology was de- 
rived from the skeleton of man or the ape, Ingrassias argued for the latter side of 
the question, from Galen's having ascribed an intermaxillary bone to the human 
subject : and the same author, in his classical Commentarii in Galeni Ubrum de 
Ossibus, Panorm, 1603, fol. particularly points out the parts " where Galen, led 
astray by the dissection of apes, deviates from the true construction of the human 
body." 

* Its great size in these animals is accounted for by the magnitude of the incisor 
teeth which it contains. 

t I cannot repeat here what I have observed in my book De Generis Hwna, Vat, 
Nat. on the subject of the intermaxillary bone ; of which, as is there stated, not the 
least trace could be discovered in the crania of some apes and baboons, although the 
individuals were young. It must be inferred, that in these instances, it was conso- 
lidated to the neighbouring bones in their foetal state, when all the other sutures 
were nevertheless in a state of perfection. 

Fischer could discover no trace of this bone in several mammalia of other orders, 

viz. the three-toed sloth, (bradyjms tridactylus^ and the horse-shoe bat, (vespertilio ftx* 

rum equinum). See his work above quoted, and Geoff. Hilaire, in his Descriptum 

de VJSgypte, who found no trace of the intermaxillary bone in th.e veapertilio per- 

foratus. 
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does: not even bear a slit like that of the inferior part, it must be put 
entirely out of the question. 

That all other mammalia possess this bone, is not quite so clear 
as that it is wanting in man. The exceptions occur in the quadru- 
mana. In addition to those which the author has stated, it may be 
observed, that the head ofanorang-ouiang, in the Hunterian Museum, 
which possesses all the other sutures, wants those which separate 
&e intermaxillary bone. Tyson did not find this bone in his spe- 
dttien of the animal, which was very young, (see his Anatomy qf ike 
Pigmy) and it did not exist in a cranium which was delineated bv 
Paubenton. I have also seen the crania of other monkeys, in which 
the sutures were all perfect and distinct, although this bone was 
#Mittng. 

§ 16. The aboye-'mentioned anterior palatine holeSy or Jbra* 
nma incisiva are double in most mammalia^ as in man. They 
are much larger in quadrupeds than in the human subject : 
in the pecora and the hare they are remarkably long and 
broad.* 

^, 17. There are remarkable impressions on the outer side of 
the upper jaw of most pecora, near to the nasal bones, arising 
firom the situation of the sinus sebacei. This part has a 
reticular structure in the hare, which approximates in that, 
as well as in many other points, to the formation of the rumi-! 
wot animals. 

V. 18. In the ssygoma we observe several important diffe- 
rences, immediately derived from the organs of mastication.*)* 
In many quadrupeds (especially the digitata and pabnata,) 
the processus malaris of the superior maxillary bone runs in a 
long narrow process towards one similar in shape coming 
fi'om the temporal, so that it occupies the situation of the 
malar hone in man. This bone is wedged in as a middle 
jiece between these two processes, has nothing to do with 
the frontal, and consequently does not contribute to the for- 
mation of the orbits. The zygoma is straight, and almost of 



* In many instances, as in the lion, the openings of these large foramina are 
Tery vinble in the palate during life. See J. Ridinger's Delineation of the tame 
lion, which was exhibited in Germany in 1760, fol. 

t See Pinel, Recherchessur une Nouvelle Methode de Classifieation des Qtiadrupedes, 
in Ae Ist ToK of the Acte$ de la Scei£t6 d*HiAoire Naturelle de Paris, 

c 2 



20 ON THE SKElETON Of ttAMMALlA. 

a thread<^like slenderness in the mole. It is of immense 
strength^ and includes a large space towards the cramum, for 
lodging the powerful muscles which move the lower jaw, in 
several carnivorous animals, as the tiger, and in some gUres, 
as the beaver. In the rat, and some others, it is convert 
below ; in the weasel, above. It is remarkable in the sloth 
for a large descending process, which comes from the os 
malce.* 

The zygoma is wanting in the ant-eater, in which the temjporal and 
malar bones have only^a slight projection instead of the usual zygo- 
matic process. This circumstance is sufficiently explained by the 
want of teeth, and the consequent want of mastication. The zygo« 
matic suture i^ sa oblique in the camivora, that the temporal bone, 
forms the whole superior margin, and the os mala the inferior edge 
of the zygoma. 

The zygoma may be arched both in the vertical and horizontid 
directions. A curvature of the latter kind indicates the existence of 
a strong temporal muscle ; while one of the former description' shews 
that the masseter is large. Both these curvatures are considerable 
in the camivora. 

^ 19. The elephant possesses only a rudiment of the nasal 
bones. In most apes, and even in the orang-outang, there is 
a single, triangular, and very small nasal bone; in the rib* 
faced baboon (papio mormon) it is exceedingly long and nar- 
row, and sinks between the long nasal processes of the superior 
maxillary bones. In the greater number of true quadrupeds, 
there are two ossa nasi, frequently of very considerable mag-^ 
nitude. This is the case in the pecora and hare ; also in the 
horse, pig, &c. In the rhinoceros, the ossa nasi, which sup- 
port the horn, are very soon consolidated together. 

§ 20. Of the lacrymal bones also, (ossa unguis) there is 
merely a rudiment in the elephant. These bones are stri- 
kingly developed in the bisulca, especially in the antelope, 
and still more remarkably in the opossum {didelphis marsu- 
pialis).f 

• ' r 

* The two hedge-hogs (erinaceus setosus and ecaudatus) have indeed no malar 
bone, see Meckel's Beytrage zur vergleichenden Anatomie, I. B. I. Heft, p. 40. 

t A peculiarity in the makis (the lemur tribe) is that in them the superior opt- 
ing of the lacrymal duct lies external to the orbit ^ see Fischer's Anatomie der 
mahi, I. B. Frankf. 1804, iv. p. 6. 
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^ 21 . The orbits differ very much in their direction, capa- 
city, and depth. They hare for the most part a lateral direc- 
tion. In the simuB they are directed forwards, as in man ; 
but they lie much more closely together than in the human 
subject. In the beaver they point upwards. 

They are completely closed in the quadrumanous mammalia. 
In the pecara and solidungula they have a circular margin in 
front ; but the external wall is deficient behind. In most of 
they!?r€P, and in several gUres, the outer part of their margin is 
also deficient. The depth of these cavities is equally various. 
In many cases they are so superficial as scarcely to deserve the 
name of orbit ; viz. in the mole and ant-eater* Haller's asser- 
tion, that man possesses a larger bony orbit than any animal, 
is erroneous. The orbit of the cat is comparatively larger, as 
also that of several makis {lemures). See the delineation of 
their crania in Fischer's valuable work above quoted, Anatomy 
of the Maki. Frankfort, 1804, 4to. 

The interval between the orbits is always smaller in the simiae than 
in the human subject. In several of these, as in the monkeys, pro- 
perly so called, the two orbits are separated at their posterior part by 
a simple bony septum. In other mamnialia these cavities are thrown 
towards the side of the head, and to a great distance from each other, 
by the ascending or nasal processes of the upper jaw-bones^ which 
are very large. 

In those mammalia, which have the orbit open at its outer and 
back part« so as to communicate with the temporal fossa (such as the 
camivoray rodentia, edcntata, and pacJnfdcrmaia) the os malse merely 
contributes to the formation of the zygoma, without being connected 
to the frontal or sphenoid bones. The superior maxilla merely forms 
the anterior border of the cavity, without constituting the floor of the 
orbit, which is indeed open below. The ossa palati, which are large, 
form a considerable share of the inner part of the cavity ; the ethmoid 
bone not contributing to it. 

The ruminating animals, as well as the horse and ass, have the mar- 
gin of the orbit completed at its outer part by a bony circle, although 
the cavity is open behind to the temporal fossa. 

The mole has not, properly speaking, an orbit. Its diminutive eyes, 
the very existence of which was for a long time questioned, lie under 
the integuments. Blumenbach*s Beschreibung der Knocken, p. 225, 
note. The same observation holds good of l£e myrmecophaga didac' 
tyla. Ibid. 

The organ of vision is present without exception, only in one class 
of animals, namely, in birds. In the mammalia we have two instaoces 
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of complete blindness, namely, in the blind rat (tpalax typhhi$^ Pall 
Mus typhlus, L,) and in a variety of the mole (chrysochlanUf sora 
aureus). In both these animals a hairy curtain, in which there is no 
fissure, is continued over the shrivelled eyes. Rudolphi, Physiologies 
▼ol. ii. p. 164. 

§ ^. In mammalia which have horns, these parts grow 
On particular processes of certain bones of the cranium. In the 
one-homed rhinoceros they adhere to a rough,- and slight^ 
elevated surface of the vast nasal bone. The front horn of the 
two-horned species has a similar attachment; the posterior 
rests on the os frontis ;* as those of the horned pecora do. 
Two kinds of structure are observed in the latter : there are 
either proper horns, as in the genera of the ox, gocU, and on- 
telope, or bony productions, as in the genus cervus, which in- 
cludes animals of the deer kind. In the former, the external 
table of the frontal bones is elongated into one process, and in 
the oris polt/cerata, into several. In the greater number of 
these the frontal sinusses extend into the horny processes. 
The antelopes have been in general excepted. But that this 
exception does not hold good of all the species of this tribej 
appears from the horn of an antelope bubalis in my collection, 
the bony process of which is hollow and connected with the 
frontal sinusses. The external vascular surface of the pro- 
cess secretes the horn, which covers it like a sheath* In 
the stag kind (in the male only in most genera), the frontal 
bone forms a short flattened prominence, from which the pro- 
per antler immediately shoots forth. It is renewed every year, 
and is covered, during the time of its growth, with a hairy and 
very vascular skin. The little horns of the giraffe hold a 
middle place between these two divisions. In their form, 
structure, and permanent duration, they resemble the frontal 
processes of the proper horns : in their hairy covering they 
approach to the branches of the stag kind.+ 



* GeofFroy, in Mimoires de la Soci^t^ d^Histoire Naturelle de Paris, an 7. cahier I. 

t Anomalous instances, in which the females have possessed horns, may be seen 
in Stahl De Camu Cervi deciduc, Hal. 1699. Leopold, Diss, de Alee, Bas. 1700. 
.Hoy in the lAnnean Trans, toI. ii.p. 356. 
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i have collected about twenty instances, from the mid- 
dle of the sixteenth century downwards, in which homed 
hares are said to have been found, with small branches like 
those of the roebuck, both in 'different parts of Europe, 
and in the East Indies. Were this fact ascertained, it would 
furnish another striking point in which these animals resem- 
ble the p^cora. The fact is suspicious, because I have not 
yet been sufficiently satisfied of a single instance in which 
the horns were on the hare's head, although every trouble has 
been taken to procure information ; and they appear in the 
drawings, which I possess, by far too large for a hare. 

The annual reproduction of horns constitutes, in many points 
of view, one of the most remarkable phenomena of animal phy* 
aology. It affords a most striking proof, 1st, of the power of 
the nutritive process, and of the rapid growth which results 
from this process in warm-blooded animals ; for the horn of a 
stag, which may' weigh a quarter of a cwt. is completely form* 
ed in ten weeks : Sndly, of the remarkable power of absorption, 
by which, towards the time of shedding the old horn, a com- 
plete separation is effected of the substance, which was before 
so firmly united with the frontal bone : 3rdly, of a limited du- 
ration of life in a part of an animal, entirely independent on 
the Hfe of the whole animal, which in the stag extends to about 
thirty years : 4thly, of change of caUbre in particular vessels ; 
for the branches of the external carotid, which supply the 
horn, are surprisingly dilated during its growth ; and recover 
their former dimensions when that process has ceased : 5thly, 
of a peculiar sympathy, which is manifested between the growth 
of the horns and the generative functions ; for castration, or 
any essential injury of the organs of generation, impedes the 
growth, alters the form, or interrupts the renewal of the 
horns.* It has also been asserted, but without a sufficient 



* See Russell's expeximents in his Economy of Nature in Acute and Chronical 
Dixasei of the Glands : Berlin Soe, of Inquirers into Nature, vol. iv. p. 360, m^ 
Dr. Parisy in die Transac* of the Linnean Society, vol. x. part II. p. 21 1. . 
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proof hitherto, that injuries of the newly formed horn render 
the stag impotent for some time. 

The word horn, which is frequently applied in English to the ant' 
lo'^ofthe deer kind, as well as to the real horns of other genera, 
would lead to very erroneous notions on this suhject. The aniler is 
a real bone ; it is formed in the same manner, and consists of the same 
elements as other bones ; its structure is also the same. 

It adheres to the frontal bone by its basis ; and the substance of 
the two parts being consohdated together, no distinction can be traced, 
when the antler is completely organized. But the skin of the for^ead 
terminates at its basis, which is marked by an irregular projecting 
bony circle ; and there is neither skin nor periosteum on the rest of 
it. The time of its remaining on the head is one year : as the period 
of its fall approaches, a reddish mark of separation is observed be- 
tween the process of the frontal bone and the antler. This becomes 
more and more distinctly marked, until the connexion is entirely de- 
stroyed. 

The skin of the forehead extends over the process of the frontal 
bone, when the antler has fallen : at the period of its regeneration, a 
tubercle arises from this process, and takes the form of the future 
antler, being still covered by a prolongation of the skin. The struc- 
ture of the part at this time is soft and cartilaginous ; it is immedi** 
ately invested by a true periosteum, containing large and numerous 
vessels, which penetrate the cartilage in every direction, and by the 
gradual deposition of ossific matter, convert it into a perfect bone. 

The vessels pass through openings in the projecting bony circle at 
the base of the antler ; the formation of this part, proceeding^ in the 
same ratio with that of the rest, these openings are contracted, and 
the vessels are thereby pressed, until a complete obstruction ensues. 
The skin and periosteum then perish, become dry and fall q£P; tHe 
surface of the antler remaining uncovered. At die stated period it 
falls off, to be again produced, always increasing in size. 

The horn is shed in the spring, and re- produced in the summer ; 
during the interval the male and female abstain from copulation. 
When the rutting season, which lasts three weeks, commences, lai^ 
troops of the males and fpniales re -assemble, and continue together 
during the winter. 

§ 23. The skeleton of quadrupeds deviates more irom that 
of man in the form of the lower jaw-bone, than in any other 
part. This difference consists chiefly in the want of a prominent 
chin ; that peculiar characteristic of the human countenance, 
which exists in every race of mankind, and is found in no other 
instance whatever. Man has also the shortest lower jaw in 
comparison with the cranium ; the elephant perhaps approach* 
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ing the nearest to him in this respect.^ The same bone is fur- 
ther distinguished by the peculiar form and direction of its 
condyle. The. articulation of these processes varies according 
to the structure of the masticating organs. They are both si« 
tuated m the same straight horizontal line in the ferte; their 
form is cylindrical ; and they are completely locked in an elon- 
gated glenoid cavity^ whose margins are so extended before 
and behind the condyle, that all rotatory motions are rendered 
impossible^ and hinge-like movements only allowed. This 
structure is most strikingly exemplified in the badger^ where 
the cylindrical condyles are so closely embraced by the mar- 
gins of the articular cavity, that the lower jaw (at least in the 
adult animal), is still retained in its situation, after the soft 
parts have been entirely removed by maceration. In many 
herbivorous animals (in the most extensive sense of the term) 
ttiese condyles are really rounded eminences ; viz. in the ele^ 
phani and beaver* Their surface is flattened in the pecora, 
which have also the lower jaw narrower than the upper, so 
that the two sets of teeth do not meet together, when the 
mouth is shut, but are brought into contact by the free 
lateral motion, which takes place in rumination. The two con- 
dyles lie parallel to each other in a longitudinal direction in 
many gUres ; viz. in the hare^ where (as in the ant-eater) the 
coronoid process is almost entirely wanting. This process is 
on the contrary very conspicuous in the giraffe. The cetacea 
have .the articular surface of the lower jaw turned almost di- 
rectly badkwards.f 

There are, on the whole, few other bones in the skeleton of 
mammalia, of such various forms as the lower jaw. The most 
anomalous formation of this bone is the shovel-like surface of 
its anterior part in the duck-billed animal: to which may be 



* See Pinel Sur let Os dela Tite 4^ V Elephant in the Journal de Phynque, tern, 
zliii. p. 54. 

t The singular, but yery common error, of considering the halves of tiie lower 
jaw of the whale as ribs has been already refuted by Rondelet, De Pienbus, p. 63. 
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added the very strong horizontal processes on the under side 
of the lower jaw in the wombat, and the strikingly large late- 
ral portions of thb bone in the Brazilian monkeys (cercopithe* 
CU8 sentcuhts andBehsebub) between which the ^ony cavity of 
the lai^x is situated, which enables them to emit a pecidiar 
deafening sound. 

We have lastly to observe that the two halves of the lower 
jaw .are connected throughout Ufe> in many mammalia, by a 
mere synchondrosis ; which is easily separated by boiling or 
maceration. This is the case in ma.ny Jer^e, gUres^ andceiacea. 
They are consolidated into one piece, as in the human subject 
at an early period, in the quadrumana, as also in the horse^ 
homed ccUtlCf pig, elephant, &c. 

As the motions of the lower jaw must be materially influenced by 
the form of its condyle, and by the manner in which that process is 
connected to .the articular cavity of the temporal bone ; we shall find| 
as might have been expected, a close relation between these circum- 
stances and the kind of food by which an animal is nourished. Thus 
the lower jaw of the carnivora can only move upwards and down* 
wards, and is completely incapable of that horizontal motion which 
constitutes genuine mastication. Hence these animab cut and tear 
their food in a rude and coarse manner, and swallow it in large por- 
tions, which are afterwards reduced by the solvent properties of the 
gastric juice. Such mammalia, on the contrary, as live on vegeta- 
bles, have, in addition to this motion, a power of moving the lower jaw 
backwards and forwards, and to either side ; so as to produce a grind- 
ing effect, which is necessary for bruising and triturating grass, and 
for pulverising and comminuting grains. In all these, therefore, the 
form of the condyle, and of its articular cavity, allows of free motion 
in almost every direction. The teeth may be compared, in the 
former case, to. scissars ; in the latter, to the stones of a mill. 

§ 24. The jaws of mammalia contain teeth* with a very few 



• See J. G. Duverney, Lettre contenant plusieurs nouvelles Observations sur tOsteo- 
logie, Paris, 1689, 4to. 

J. J. Kober De Dentihus, eorumque Diversitatef Argent. 1774, 4to. 

P. M. G. Broussonet, Comparaison entre les Dents de V Homme et celles des Quad' 
rupedes, in MSm, de VAcad, des 5c. de Paiis, 1787. 

Hob. Blake's Essay en the Structure and Formation of the Teeth in Man and m- 
riouA Animals, Dublin^ 1801-8, and particularly Fr. Cuvier des Dents des Mammifhti, 
Par. 1821-8. 
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exeepiioDs: the proper whales, {baUsnce) the fnam$9 (tealy 
UxardJ and the American ofit-eaiers, are the only genera en- 
tirely destitute of these organs. 

The substance and texture of the teeth are different from 
those of all other bones. The enamel which covers the crown 
of the tooth is characterized by its peculiar hardness (sparks 
of fire may be produced by striking it against steel), as well as 
by the want of animal matter, witlr which the bony part of the 
crown as well as the fang of the tooth are copiously provided. 
It seems to be wanting in the tusks of the elephant, as also in 
those of the walrus, the narwhcde, {manodan, sea-unicom) and in 
the incisors of the African hog {sus jEthiopicui). Yet these 
are all surrounded by an external thin coat of a di£Eerent sub* 
Btance from the body of the tooth. These teeth have indeed 
some peculiarity in their texture ; the ivory of the elephant's 
tusks in particular is unlike any other substance. Not to mention 
other peculiarities of ivory, which have induced some modem 
naturalists to consider it as a species of horn, the difference 
between its structure and that of the bone of teeth is evinoed 
in the remarkable pathological phenomenon, resulting from 
balls, with which the animal has been shot when young, being 
found on sawing through the tooth, imbedded in its substance 
in a peculiar manner. Haller employed this fact, both to xe« 
fate Duhamel's opinion of the formation of bones by the pe- 
riosteum, Uke that of wood by the bark of a tree ; as well as to 
prove the constant renovation of the hard parts of the animid 
machine. It is still more important, in explanation of that 
** mUritio ultra vasa,^' which is particularly known through the 
Petersbiirg prize dissertation. Instances of the fact above* 
mentioned, in all which the balls were of iron, may be seen 
in several writers.* I possess a similar specimen : but there 
is a still more curious example in my collection, of a leaden 
bullet contained in the tusk of an East Indian elephant, which 



* Buffon, 4to. ed. torn. ii. p. 161, in Gallandat <w0r dt OlypkamU Tanien in die 
¥4frhandBUng€n der Genootf4!h, U Vlimngm, p. 352, tomr ur. ; and in -Bonn^ Beter, 
fhaouri Bovmi* p* 146. Goethe's Morph^hgie, voL ii. p* 7 ; and Cuvici^i OtmiMt 
Ftfsftto, toin.i.p. 48. 
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tusk must have been equal in size to a man's thigh, without 
having been flattened. It lies close to the cavity of the tooth ; 
its entrance from without is closed as it were by means of a 
cicatrix ; and the ball itself is surrounded apparently by a pe- 
cuHar covering. The bony matter has been poured out on the 
side of the cavity in a stalactitic form. 

The organization of the molar teeth of the Cape atU-^tUers 
IS perfectly anomalous ; they consist of vertical tubes* In some 
animals the crowns of particular teeth are distinguished by 
peculiar colours. The incisors of some glires, as the beaveTf 
marmotf and squirrel^ are of a nut-brown colour on their ante- 
rior surfiice, and the molar teeth of several bisidca, as weUas 
of the elephant, are covered by a very hard black substance 
of a vitreous appearance. This black vitreous matter is some- 
times covered with a crust of a metallic shining bronze colour; 
particularly in the domesticated horned cattle, and sheep.* 

The teeth of the human subject seem to be designed for the single 
pmpose of mastication ; and hence an erroneous conclusion might be 
drawn, that they serve the same office in other animals. Many ex- 
ceptions, however, must he made to this general rule. Some mam- 
malia, which have teeth for the office of mastication, have others, 
which can be only considered as weapons of offence and defence, as 
the tusks in the elephant, hippopotamus, walrus, and manati. The large 
and long canine teeth of the caniivora, as the lion, tiger, dog, <:at, &c. 
not only serve as natural weapons to the animal, hut enable it to seize 
and hold its prey, and assist in the rude laceration which the food un- 
dergoes previous to deglutition. The seal, the porpoise, and other 
jcetacea, as the cachalot (physeter macrocephalus) have all the teeth of 
one and the same form ; and that obviously not calculated for masti- 
cation. They <Jan only assist in securing the prey, which ^orrna the 
animal's food. 

Animals of the genus balana (the proper whales) have, instead of 
teeth, the peculiar substance called whalebone, covering the palatine 
surface of the upper jaw : this resembles in its composition, hair, 
horn, and such substances. 

The lower surface of the upper jaw forms two inclined planes, 
which may he compared to the roof of a house reversed ; but the two 
surfaces are concave. Both these are covered with plates of the 
whalebone, placed across the jaws, and descending vertically into the 
mouth. They are parallel to each other, and exist to the number of 

* See Stobsus De InauratUme spontanea derUium quorundam animalium, in Aot, 
Liter, Suecic. vol. iii. p. 83, 1733. 
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two or three hundred on each of the surfaces. They are coanected to 
the bone by the intervention of a white ligamentous substance, firoiki 
which they grow ; but their opposite edge, which is turned towards 
the cavity en the mouth, has its texture loosened into a kind of frinffe, 
composed of long and slender fibres of the hornv substance; which 
therefore covers the whole surface of the jaw. This structure proba- 
bly serves the animal in retaining and confining the moUuMca which 
constitute its food. 

The teeth of the omithorhynchns paradoxus and kyitrix deviate very 
considerably from those of other mammalia. In the former animal 
there is one on each side of the two jaws : it is oblong, flattened on 
its surface, and consists of a horny substance adhering to the gum. 
There are likewise two horny processes on the back of the tongue : 
these point forwards, and are supposed by Sir Everard Home to pre- 
vent the food from passing into the fauces, before it has been suffi- 
ciently masticated. In the hystrix, there are six transverse rows of 
pointed horny processes at the back of the palate ; and about twenty 
similar homy teeth on the corresponding part of the tongue. 

See Sir Everard Home in the Philos. Trans. 1800, part 2 ; 1802 
parts 1 and 2. 

The substance composing the tusks of ^le elephant, commonly 
called ivory, is certainly different from the bone of other teeth. It is, 
generally speaking, more hard and compact in its texture ; it is dis- 
tinguished from all others by the curved lines which pass in different 
directions from the centre of^^the tooth, and form, by their decussation, 
a very regular arrangement of curvilinear lozenges. It soon turns 
yellow from exposure to the air. The tusk of the hippopotamus is- 
narder and whiter ; and consequently preferred for the formation of 
artificial teeth. In the walrus^ the interior of the tooth is composed 
of small round portions, placed irregularly in a substance of different 
iqppearance, like the pebbles in the pudding stone ; and the molar 
teeth have a similar structure. 

The curious facts which Blumenbach has mentioned in this section 
have been sometimes brought forward to prove the vascularity of the 
teeth ; a doctrine which is refuted by every circumstance in the for- 
mation, structure, and diseases of these organs. It may be first ob- 
served, that the appearances exhibited by the teeth in question are 
by no means what we should reasonably expect in such a case. When 
a bullet has entered the substance of the body, the surrounding lace- 
rated and contused parts do not grow to the metal, and become firmly 
attached to its surface, but they inflame and suppurate in order to 

get rid of the offending matter. If the ivory be vascular and sensi- 
le, why do not the same processes take place in it? 
We can explaih very satisfactorily how a bullet may enter the tusk 
of an elephant, and become imbedded in the ivory without any open- 
ing for its admission being perceptible. It will be hereatler shewn 
that these tusks are constantly growing during the animal's life, by a 
deposition of successive larainse within the cavity, while the outer 
surface and the point are gradually worn away ; and that the cavity 
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18 filled for this purpose with a vascular pulp, similar to* that oa 
which teeth are originally formed. If a ball penetrate the side of a 
tuak, cross the cavity, and lodge in the slightest way on the opposite 
side, it will become covered towards the cavity by the newly depo^ 
sited layers of ivory, while no opening will exist between it and the 
surface, to account for its entrance. If it have only sufficient forceto 
enter, it will probably sink, by its own weight, between the pulp, and 
tooth, until it rests at the bottom of the cavity It there becomes sur- 
rounded by new layers of ivory ; and as the tusk is gradually worn 
away, and supplied by new depositions, it will soon be found in the 
centre of the solid part of the tooth. Lastly, a foreign body may 
enter the tusk from above, as the plate of bone which forms its socket 
is thin ; and if this descends to the lower part of the cavity, it may 
become imbedded by the subsequent formations of ivory. I'his must 
have happened in a case where a spear-head was found in an ele- 
phant's tooth. The long axis of the foreign body corresponded to 
that of the cavity. No opening for its admission could be discovered, 
and it is very clear that no human strength could drive such a body 
through the side of a tusk. Philos. Trans, 1801, part i. 

% 25. It is difficult to frame a classification of the teeth 
which shall be generally applicable^ and at the same time 
intelligible. Their situation affi^rds perhaps a more eligible 
basis of arrangement than their form, since that is the same 
throughout, in some instances, as in the cachalot QXidporpoiie. 
They may therefore be distributed into the three classes of 
front teethy corner teeth, and back teeth. 

The front teeth are the incisores of Linnaeus. The corner teeth 
are the canin?, laniarii, of Linnaeus ; cuspidati of Hunter. The back 
teeth are the molares. The term of tusks is applied to such teeth as 
extend out of the cavity of the mouth. 

§ 26. The front teeth in the upper jaw of quadrupeds and 
dolphins are those which are implanted in the intermaxillary 
bone; the front teeth in the lower jaw are such as correspond 
to these, or to the anterior margin of the intermaxillary bone 
in animals which have no upper incisors. Their number and 
form vary considerably. In the gllres their cutting edge is 
formed like a chisel, particularly in the lower jaw, whence 
Grew called them dentes scalprarii. In some animals, as in 
the beaver and the porcupine, the lower ones have remark- 
ably long roots : in many, as in the marmot, the upper ones 
also have long roots. In the hare there are two very small 
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tiseth placed just behind the large ones* The crowns of the 
front, as well as of the back teeth, form flat prominences in 
the walrus. The front extremity of the lower jaw, with its 
teeth, extends in the dolphin {delphinns delphis) much beyond 
the corresponding part of the upper jaw, contrary to what 
happens in other animals. The lower fore teeth of most mam^ 
malia have a more or less oblique position ; while in man they 
are perpendicular. The orang-outang of Borneo is the only 
animal which in this respect at all approaches to the human 
subjects 

The structure of the incisor teeth, in the rodentia^ deserves atten- 
tion on several accounts. They are covered by enamel only on their 
anterior or convex surface, and the same circumstance holds good 
with respect to the tusks of the hippopotamus. Hence, as the bone 
wears down much faster than this harder covering, the end of the 
tooth always constitutes a sharp cutting edge, which renders it very 
deserving of the name of an incisor tooth. 

This partial covering of enamel refutes, as Blake has observed 
[Etsay on the Structttre, Sfc, of the Teeth, p. 212,) the opinion that the 
enamel is formed by the process of crystallization. 

The incisor teeth of these animals are used in cutting and gnawing 
the harder vegetable substances ; for which their ab^ve-mentioned 
sharp edge renders them particularly well adapted. Hence Cuvier 
has arranged these animals in a particular order by the name of 
rodcntiOf or the gnawers. As this employment subjects the teeth to 
immense friction and mechanical attrition, they wear away very 
rapidly, and would soon be consumed, if they did not possess a power 
of growth, by which this loss is recompensed. 

These teeth, which are very deeply imbedded in the jaw, are hol- 
low internally, like a human tooth, which is not yet completely 
forpied. Their cavity is filled with a vascular pulp, similar to that 
on which the bone of a tooth is formed ; this makes a constant 
addition of new substance on the interior of the tooth, which ad-, 
ranees to supply the part worn down. The covering of enamel 
extends over that part of the tooth which is contained in the jaw, as 
we might natural^ expect: for this must be protruded at some 
future period to supply the loss of the anterior portion. Although 
these teeth are very deeply implanted in the maxillary bones, they 
can. hardly be said to possess a fang or root; for the form of the 
part is the same throughout ; the covering of enamel is likewise 
continued; and that part, which at one period is contained in the 
jaw, and would form the fang, is afterwards protruded to constitute 
the body of the tooth. 
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The constant growth of these teeth, therefore, proceeds in the same 
manner, and is effected on the same principles as the original forma- 
tion of any tooth, and can hy no means furnish an argument for the 
existence of vessels in the substance of the part 

We cannot help being struck with the great size of these teeth^ 
compared with the others of the same animal, or even with the balk 
of the animal. Their length in the lower jaw nearly equals that of 
the jaw itself, although a small proportion only of this length appean 
through the gum. Ihey represent the segment of a circle ; and are 
contained in a canal of the bone, which descends under the sockets 
of the grinders, and then mounts up, in some instances, to the root 
of the coronoid process : hence, although their anterior cutting edfle 
is in the front of the mouth, the posterior extremity is behind all & 
grinding teeth. No animal exhibits this structure better than the 
rat. The beaver also affords a good specimen of it on a larger 
scale. It has been drawn in this animal by Blake, {Essay on the 
Structure, ^c. of the Teeth, tab. 9, fig. 3). The tooth does not extend 
so far in the upper jaw ; it is there implanted in the intermaxillarj 
bone, and terminates over the first grinder. 

The observations which have been made respecting the constant 
growth of the incisor teeth of the glires will apply also to the tusks of 
the elephant. These are hollow internally, through the greater part 
of their length, and the cavity contains a vascular pulp, which makes 
constant additions of successive layers, as the tusk is worn down. 
One of the elephants at Exeter Change is said to have nearly bled 
to death from a fracture of the tusk, and consequent laceration of 
the vessels of the pulp. The tusks of the hippopotamus, and pro- 
bably all other teeth of this description, grow in the same manner. 
Further and more accurate observation may hereafter shew, that die 
same mode of growth obtains also in other classes of teeth when 
they are exposed to great friction. Something similar may certainly 
be observed in the grinders of the horse. The tooth is not finished 
when it cuts the gum : the lower part of its body is completed while 
the upper part is worn away by mastication, and the proper fang if 
not added till long after. Hence we can never get one of these 
teeth in a perfect state ; for if the part out of the gum is complete^ 
the rest of the body is imperfect, and there are no fangs : on the 
contrary, when the fangs are formed, much of the body has heen 
worn away in mastication. Blake further asserts that this structure 
is found in the grinders of the beaver, p. 99, tab. 9, fig. 4. 

In the delphinus Gangeiicus, of which there is a specimen in the 
Hunterian collection, presented by bir J. Banks, the chang^e that 
takes place in the form of the tooth, as it wears away from long use^ 
is more remarkable than in most other teeth ; for the perfect tooth 
has a tolerably sharp enamelled point, while the half-worn one has 
a curved, blunted, cutting edge. See Sir £v. Home's description of 
the teeth of the delphinus Gangeticus^ Phil, Trans, 18 18, part 1, 
p. 417. 
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% 27. The corner teeth {camnt) of the upper jaw lie dose 
to the intermaxHIary bone ; hence the remarkable spiral tusk 
of the narwhaley^ and the tusks of the walrus belong to this 
diiision. In many baboons, and most particularly in the larger 
predacious mammalia, these teeth are of a terrific size : in the 
h^ter animals^ the whole profile of the anterior part of the 
cranium forms a continuous line with these teeth, which is 
very visible in the tiger. The canine tusks of the babirouua, 
which are very long, and curved so as nearly to describe a 
complete circle, present the most curious structure. Their 
tttiHty to the animal appears quite obscure, when their lengthi 
Erection, and smallness are considered. The small caninfe 
teeth> which are situated just behind the larger ones, in all the 
species of the deer and bear kind, are also remarkable. This 
is the case in the brown bear of the Alps, of which I have 
tbree* crania; in a black American; in one whose country 
is unknown, belonging to the national Museum at Paris ; and 
in the Polar bear; of all which I possess excellent drawings, 
durough die kindness of Professor Cuvier. These small teeth 
aie- wanting in the fossil remains of an ante-diluvian bear« 
{ursus spelttus) towards the illustration of whose osteology I 
iiaye a large collection, firom the four most celebrated caverns 
in Germany, vie. that of Scharzfelder in the Harz, of Gailen- 
leuter in the Hchtelberg, of Altensteiner in Thuringerwald, 
and of Sunwicher in Iserlohn. 

The narwhale is found so constantly with only one tusk, that it has 
been. called the sea-unicorn, and Linnaeus has even given it a similar 
appellation,, that of mono(/o7i. Yet there can he no doubt that it 
possesses originally two of these ; one in either jaw-bone ; and that 
.which is wanting must have been lost by some accidental circum- 
stance, as we can easily suppose, (Shaw's Zoolofsy, vol. ii. p. 473). 
These tusks often equal in length that of the aniinaFs body ; which 
miv7 be eighteen f(^t or more ; yet they are always slender. 

The result of Sir E. Home*s examination of two specimens of the 
male narwhale in the Hunterian collection, and of a female seiit to 
him by Mr. Scoresby, was, that the left tusk of this animal appears 



* I most refer to die 6th part of my Beiineationt cf SubftcU relating to Nuturdl 
HuUryt for what is there said on the qiiettion, whether the HttruihaU has really one 
or two of these teeth. 

D 
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ixmimonly long before the right one, and that thetiuica ifk the feiAak 
come much later than in the male, which facts explain the error 4)f 
Linnaeus, and that of the captains of the Greenland ahips^ who 8iip- 
posed that the females had no tusks. 

_ « • 

^ 28., The back teeth are the most universal ; since, wba 

manmialia have any teeth at all, they are of this desmptioil 

although the front and canine teeth may be wanting, as in the 

armadillo and the ant-eater. The narwhak makes the mij 

exception, as it is perfectly toothless, if we except the long 

tusk. The form, structure, and relative situation of the back 

teeth vary very considerably. In many quadrumana and is 

man the two front ones* are smaller in the crown, and more 

simple in the fang than the posterior : whence J. Hunter eaOi 

them bicuspides, and restricts the name of molaf^s to the 

latter.t 

The molar teeth offeree and of man have the crown entirel|f 

covered with enamel : this is the case also in the monstnna 

fossile animal incognitum of the Ohio, (mammut Okioiieum) 

which has been called the carnivorous elephant, j; In seveial 

glireSy (in some, as the marmot^ the whole crown is coveied 

with enamel) in the solidungula, pecara^^ and most AoAss^ 

bony substance may be seen at the extremity of €Le tootb, 



* In some apes and baboons, the front bicuspis of the lower jaw has a peeoliar §b^ 
mation, being elevated into a sharp point, like those of the/crtf*. See the fTi *tn— * 
representation of the cranium of the mandril (tmia Tnaimon) in CSieseldeii'a OMW* 
graphy. 

t I find that the difference between the bicuspides and molares is noticed a 
the first anatomical compendium, which was compiled from human bodiei^ viii. ihe 
celebrated Anatomia partium Corp. Human,, written by Mondini, in the first ImV ft 
the fourteenth century. For he enumerates in each jaw four nuunUat^t, end BSa** 
lares, besides the incisor and canine teeth, p. 370, of the classical editknitwIiiAii 
accompanied with Berengar's Commentaries. I have also found, tliat this AliB^ 
tion of the two kinds of grinders is noticed in that famous volume of a^-rr **^ 
anatomical drawings, by the incomparable Leonardo da Vind, which is 
his majesty's library. 

I See the 2nd pari of Delineations of Subjects relating to Natural HUtary, tflil t Vk 

§ For the internal structure of the molar teeth of pecora, see HoUmann JDls 0» 
6tiJ FossUibus, in the CommenUrr, Reg. Soc, Scient. Gotting* tom« ii. p. 2S8, td 
Schreger, in Isenflamm's and Bosenmuller's Contributimu tewardt Anatomy, i«L i 
part i. p. 5. 
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intemiixed in a tortuous line with vertical productions of ena- 
mel*^ In many animals which feed on grass, and do not 
ruminate, as the solidungulasLnd the elephatd^ the broad crowns 
of the grinding teeth lie chiefly in a horiaontal direction 
towards each other. In most peeora, on the contrary, their 
sarfacci which forms a zig-zag line, is oblique ; the outer mar- 
gin of the upper teeth and the inner margin of the lower teeth 
being the most prominent. In most predacious animals, par- 
ticularly of the lion and dog kind, the crowns of the molar 
teeth are compressed, and terminate in pointed processes, the 
lower ones shutting within the upper ; so that in biting they 
intersect each other, Uke the blades of a pair of scissars, in 
consequence of the firm hinge-like articulation of the cylin- 
drical condyle. 

The distribution of the enamel and bony substance varies in the 
teeth of different animals, and even in the different orders of teeth 
in the same animal. 

All the teeth of the cam^ora, and the incisors of the ruminating 
animals^ have the crown only covered with enamel, as in the human 
subject. Thie immense fossil grinders of the animal incognitumy or 
mammoth, have a similar distribution of this substance. 

The grinders of graminivorous quadrupeds, and the incisors also 
of the horse, have processes of enamel descending into the substance 
of the tooth. These organs have also in the last<-mentioned animals 
a third component part, difiering in appearance from both the others, 
but resembling the bone more than the enamel. Blake has distin- 
guished this bv the name of crusta petrosa ; and Cuvier calls it cement. 

The physiological explanation of this difierence in structure is a 
very easy and dbar one. The food of the carnivora requires very 
little comminution before it enters the stomach : hence, die form of 
their molar teeth is by no means calculated for grinding ; and, as the 
articulation of the jaw admits no lateral motion, these teeth^ of 
wbich the lower are overlapped by the upper, can only act like the 
incisors of other animals. The food of graminivorous (juadrupeds is 
snlgect to a long process of mastication, before it is exposed to the 
action of the stomach. The teeth of the animals suffer great attri- 
tion during this time, and would be worn down very rapidly but for 
the epamd which is intermixed with their substance. As this part 
is hai'der than the other constituents of the teeth, it resists the attri- 
tion longer, and presents the appearance of prominent ridges on the 



* The specifically different fonns of the hiyen of enamel, in the Jfrkan and 
Atk^iw iUfiutnti, maybe seeaia the JkUneatiom, &c* part ii, tab, 19« ^ 

d2 
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worn surface, by which the grinding of the food is much facilitated. 
The distinction of the three substances is seen better in the tooth 
of the elephant than in any animal. The best method of displaying 
it is by making a longitudinal vertical section, and polishing the cut 
, surface. The crusta petrosa will then be distinguished by a greater 
yellowness and opacity in its colour ; and by an uniformity in its ^ 
pearance, as no laminae or fibres can be distinguished. 

The pulp of a grinding tooth of a graminivorous quadruped is di- 
yided into certain conical processes, which are united at their bases.' 
These vary from two to six in the horse and cow. On these the 
bone of the tooth is formed, as on the single pulp of the human sub- 
ject, but it is here divided into as many separate shells as there are 
processes of the pulp ; all of them, however, enclosed in a common 
capsule. The ossification commences, as in all teeth, on the points 
of the pulp, and extends towards the basis : when it has arrived 
there, the shells unite together ; and they also join at their outer 
margins. Between the processes of the pulp other productions de- 
scend from the capsule in a contrary direction ; and deposit, on the 
surface of the shells, enamel distinguishable by its crystalline ap- 
pearance, and hence denominated by Blake cortex striatus, When^ 
these membranous productions have formed their portions of enamel, 
they secrete the crusta petrosa within the cavities lefl between them. 
The outer surface of the bone of the tooth is covered by enamel, 
which may be compared to that which invests the crown of a human 
tooth, except that it is deposited in an irregular waving line, in order 
to render the surface better calculated for grinding ; and the inequa- 
lities of this surface of enamel are filled up by crusta petrosa. The 
exterior enamel, and crusta petrosa^ (which may be so named, by 
way of distinguishing them from the processes within the tooth) are 
formed by the surface of the capsule. 

If, then, we make a transverse section of a grinding tooth of the 
horse or cow, the exterior surface will be found to consist of an irre- 
gular layer of crusta petrosa : this is succeeded by a waving line of 
enamel, within which is the proper hone of the tooth. But the sub- 
stance of the latter is penetrated by two productions of enamel ; in 
the interior of each of which is crusta petrosa. 

The crusta petrosa, which fills these internal productions of 
eiiamel, is sometimes not completely deposited before the tooth cuta 
the gum : hence, cavities are left in the centre of the tooth, which 
become filled with a dark substance composed of the animal's food, 
and other foreign matters. This seldom happens to any considerable 
extent in the grinders of the horse. In the cow and sheep these cavi- 
ties are constantly filled with the dark adventitious matter; the 
crusta petrosa being confined to the exterior surface of the tooth, 
and not existing even there so plentifully as in the horse. 

The lower grinders of the horse differ very much in their forma- 
tion from those of the upper-jaw. Ossification commences in these 
by four or five points, which increase into as many small shells ; yet 
they unite without any processes of the capsule passing down between 
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to form internal prodactions of the enamel, Tliis substance is how- 
ever deposited ' in a very convoluted manner on the bone of the 
toothy so that the same end is attained, as if productions of the 
cortex 9iriaiu8 had existed in the centre^ of the part. The crusta pe^ 
trasa fills up the irregularities of this waving line of enamel. A ho- 
rizontal section of such. a tooth presents the three substances ar- 
ranged within each other : the crusta petrosa is external ; then comes 
the enamel, which includea nothing but the proper bone of the tooth. 

The incisors of the horse have a production of enamel in their 
centre ; but the cavity which this forms containing no cruna petrom^ 
is merely filled by the particles of food, &c. As these processes 
of enamel descend only to a certain extent in the tooth, they disap- 
pear at last from the constant wear of the part in mastication ; and 
this is improperly called the filling up of the teeth. Hence a crite- 
rion arises of the horse's age. 

• The grinding teeth of the elephant contain the most complete in- 
termixture of the three substances, and have a greater proportion of 
cnttia petrosa than those of any other animal. The pulp forms a 
number of broad fiat processes, lying parallel to each other, and 
placed transversely between the inner and outer laminae of the 
alveoli. The bone of the tooth is formed on these in separate shells 
commencing at their loose extremities, and extending towards the 
basis where they are connected together. The capsule sends an 
equal number of membranous productions, which first cover the 
bony shells with enamel, and then invest them with crusta petrosa ; 
which latter substance unites and consolidates the different portions. 
•The bony shells vary in number from four to twenty-three, accord- 
mg to the size of the tooth, and the age of the animal: they have 
been described under the term of denticuli, and have been repre- 
sented as separate teeth in the first instance. It must, however, be 
remembered, .that they are formed on processes of one single pulp. 

Wb^ the crusta petrosa is completely deposited, the different den- 
ticuli are consolidated together. The hony shells are united at their 
base to the neighbouring ones ; the investments of enamel are joined 
ia like manner ; and the intervals are filled with the third substance, 
which really deserves the name bestowed on it by Cuvier, of cement. 
The pulp is then elongated for the purpose of forming the roots or, 
fangs of the tooth. From the peculiar mode of dentition of the ele- 
.phant, .the front portion of the tooth has cut the gum, and is em-, 
ployed in mastication, before the back part is comple(;ely formed^ 
even before some of the posterior denticuli have been consolidated. 
The back of the tooth does not appear in the mouth until, the ante- 
rior part has been worn down even to the fang. 

A horizontal section of the elephant's tooth psesents a. series of 
narrow bands of bone of the tooth, surrounded by corresponding 
portions of enamel. Between these are portions of crusta petrosa ; 
and the whole circumference of the section is. composed of a thick 
layer of the same substance. 

A vertical section in the longitudinal direction exhibits the pro- 
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ceases of bone, upon the diflferent denticuli, running up from the 
fimgs ; a vertical layer of enamel is placed before, and another be- 
hind each of these. If the tooth is not yet worn by mastication the 
two layers of enamel are continuous at the part where the bone ter- 
minates in a point ; and the front layer of one denticulus is contiDn- 
ous with the back layer of the succeeding one, at the root of the 
tooth ; so that the enamel, ascending on the anterior, and descend- 
ing on the posterior surface of each denticulus, forms a continued 
line through the whole tooth. Cru$ta petrasa intervenes between 
the ascending and descending portions of the enamel. 

As the surface of the tooth is worn down in mastication, the pro- 
cesses of enamel, which are capable of making a resistance by Uicir 
superior hardness, form promment ridges on the grinding surfiuse^ 
which roust adapt it excellently for bruising and comminuting any 
bard substance. 

The grinding bases, when worn sufficiently to expose the enamel, 
present a very different appearance in the Asiatic and i^icoa ele- 
phants. The processes of enamel in the former species represeBt 
flattened ovals, placed across the tooth. In the latter they Ibnn a 
series of lozenges, which touch each other in the middle of the 
tooth. 

It does not appear that crusta petrosa is an essential part in the 
grinders of graminivorous animals. For those of the rhinoceros do 
not possess it, although the enamel descends into their substance^ and 
forms a cavity, which is filled with the food, &c. 

Home and Blake likewise state, that it does not exist in the AMpo- 
potamusf where there are internal productions of enamel: but Mr. 
Macartney has found it in small quantity on the exterior sur&ce of 
the tooth near its root.* 

§ 29. Certain classes of the teeth are entirely wanting in 
some orders, classes, and genera of quadrupeds ; as the upper 
front teeth in the pecora, the lower in the elephant^ both in 
the African rhinoceros, and the canine in the glires. In other 
instances, the different descriptions of teeth, particularly the 



* Mr. Corse's Observationt on the d^erent Speeiet of Aiiatic EUpharUs* Fbilos. 
Trans. 1799, part ii. 

Some Observations on the Teeth of graminivorous Quadrupeds, by £. Home, Esq. 
Ibid. With Delineations of the Teeth of the Elephant, Horse, Cow, Sheep, Hippopota- 
mus, and Rhinoceros, 

Blake's Eioay on the Structure and Form4iiion of the Teeth in Man and various Ani' 
mals, with plates. 

Tenon Sur une M6thode particuUere d'etudier VAnatomie, in the M^moires de VJn- 
stitut National, torn. i. an 6. 

Cuvier, I4^ns d*Anatomie compar^e, torn. iii. 
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canine and molars are separated by considerable intervals; 
Uiis happens in the horse and bear. There is no animal in 
which these parts are of such equal height and such uniform 
arrangement as in man. 

All the three kinds of teeth are found in the quadmniana, the 
camworat die pachydermata, (excepting the two-homed rhinoceroi and 
dq^isani) the horse, and those ruminating animals which have no 
horns. 

Cuvier states, that the teeth of an animal whose bones are found 
in a fossOe state resemble those of man, in being ai^nged in a con- 
timied and unbroken series. 

In the simia, camivora, and all such as have canine longer than 
the other teeth, there is at least one vacancy in each jaw, for lodging 
the cuspidatus of the opposite jaw. There is a vacancy behind each 
canine in the bear. 

The homed ruminating animals not only want entirely the upper 
tnctJOTf, but they are also destitute of cuspidati^ except the stat\ 
which has rudiments of these teeth ; and the musk, (moschus mosMfer) 
in whi^h they are very long, and curved in the upper jaw. 

Between the incisors and grinders of the horse a very large vacancy 
is lefty in the middle of which a small canine tooth, termed the tush, 
is found in the male animal, but very rarely in the female. 

The elephant has grinders and two tusks in the upper jaw, but the 
former only in the lower. The immense tusks belong properly to 
the male animal ; as they are so small in the female, generally speak- 
ing, as not to pass the margin of the lip. (Corse, in P/iil, Tram. 
1799, part 2, p. 208.) 

The sloths have grinding and canine teeth, without incisors. The 
dolphin and porpoise have small conical teeth, all of one size and 
shape, arranged in a continued line throughout the alveolar margin 
of bodi jaws. The cachalot {physeter macrocephalus) has these in the 
lower jaw. only. The teeth of the seal are all of one form, viz. that 
of the canine kind, conical and pointed. 

The narwhale has no other teeth than the two long tusks implanted 
in its OS intermaxillare, of which one is so frequently wanting. A 
head, in which there are two of these tusks, is delineated by Dr. 
Shaw, in his Zoology, from a specimen in the Leverian Museum. 
These tusks are remarkable for the spirally convoluted appearance 
of their external surface. They are hollow internally, and probably 
have a constant growth like the elephant's tusks. See § 27. - 

§ 30. The want of satisfactory observations* prevents U9 
from sajring much on the change of the teeth, particularly in 

* See the detailed description of the change of the teeth in the horse by Tenon, 
Sur une MithoAe partieuUere d^etudier VAnatomie, in the M£m, de VltuHtut Na:tiotml^ 
torn. ii. p. 558 ; and J. W. Neeigaard's Naturhe$ehfreifmng dev Zahne da Pftrdst mU 
BfkhUMaufandireTkiire* Kopcnh. 1815. 
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* wild animals. Among the digitata many of the gUre^, as 
the marmot and rabbit, do not appear to change their teeth.* 
•Some erroneous opinions of former times, as, for instance, that 
the domesticated pig changes its teeth, and that the wild ani- 
mal does not, hardly require an express contradiction in the 
present day.i* During the time of change in theyi?r<;p, parti- 
cularly in the dog and ptier, the number of their canine teeth 
often seems doubled, since the permanent ones cut the gam 
before the deciduous have fallen out. Apes, like the human 
subject, have no bicuspides among the deciduous teeth ; but 
there are, instead of these, two proper molares on either side 
of the jaw.j: The change of the teeth takes place in Ihe 
elephant in a very remarkable manner.^ The new permanent 
tooth comes out behind the milk tooth, the vertical layers of 
which are gradually removed,|| as the formation of the latter 
advances.9 There is, however, perhaps no animal of this 
class, in which the first appearance and subsequent removal 
of the deciduous teeth takes place at so late a period of Bfe as 
in man. 

The permanent teeth are generally formed in cavities near the 
roots of the temporary ones, and they succeed to the vacancies left 
by the discharge of the latter. 

A different mode of succession obtains, however, in some instances. 
The adult molares of the human subject are not formed near any of 
the temporary teeth, but in the back of the two jaws ; from which 
situation they advance successively towards the front, in proportion 
as the maxillary bones are lengthened in that direction. A similar, 
but much more remarkable species of succession is observed in the 
grinders of the elephant^ where it was ascertained by the labours of 
Mr. Corse, who has explained and illustrated the subject in a series 

* Le Galloi's Erp^riences sur le Principe de la Vie, 

t See Home, Phil, Trans. 1801. 

t In the skull of a young orang-outang of Borneo, which I possess through the 
kindness of Mr. Van Marum, there are no bicuspides. 

$ The progression of dentition in the molar teeth of the elephant has been most 
accurately described by Cuvier, in vol. i. Recherches sur les Ossemens Fossiles, p. 38. 

II See Prof. Brugman's remarks on this subject, in Van Maanen Diss, de Absorp- 
tione Solidorum, Lugd. Bat. 1794. 

5J I have given a drawing in the Petersburgh Prize Dissertation on Nutrition, 1789, 
.4 to. of the peculiar formation pf these vertical layers in the molar teeth of the ele- 
phant, before they appear th^oijgh the gum ; and particularly of the maimer in 
which the enamel exudes from the l)ony substance in small processes. 
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of beautiful engravings. See Obtcrvatiam on the difereM Specia <^ 
Asiatic Elephants, and their Mode of Dentition. Phil. Trans. 17999 
part 2. 

We never see raore than one grinder and part of another throngli 
the gum in this animal. The anterior one is gradually worn away 
by mastication ; its fangs and alveolus are then absorbed : the pos- 
terior tooth coming forwards to supply its place. As this goes 
through the same stages as the preceding grinder, a third tooth, 
which was contained in the back of the iaw, appears through the 
gum, and advances in proportion as the destruction and absorption 
of the other proceed. The same process is repeated at least eight 
times, and each new grinder is larger than that which came before it. 
The I St, or milk grinder, is composed of four transverse plates or 
denticuli, and cuts the gum soon after birth. The 2d, wnich has 
eight or nine plates, has completely appeared at the age of two 
years. The 3d, formed of twelve or thirteen, at six years. From 
the 4th to the Bth grinder, the number of plates varies from fifteen 
to twenty-three, which is the largest hitherto ascertained. The 
exact age at which each of these is completed has not yet been 
made out : but it appears that every new one takes at least a year 
more for its formation than its predecessor. 

- From the gradual manner in which the tooth advances, it is mani- 
fest that a small portion of it only can penetrate the gum at once. 
A grinder, consisting of twelve or fourteen plates, has two or three 
of these through the gum, whilst the others are embedded in the jaW. 
The formation of the tooth is complete therefore, first, at its anterior 
part, which is employed in mastication, while the back part is very 
incomplete; as the succeeding laminae advance through the gum, 
their formation is successively perfected. But the posterior layers 
of the tooth are not employed in mastication, until the anterior ones 
have been worn down to the very fang, which begins to be absorbed. 
One of these grinders can never therefore be procured in a perfect 
state ; for if its anterior part has not been at all worn, the baok is not 
completely formed, and the fangs in particular are wanting, while 
the structure of the back of the tooth is not completed until the 
anterior portion has disappeared. 

A similar kind of succession, but to a less extent, has been ascer- 
tained by Sir Everard Home, in the teeth of the sus Mthiopkus. 

Observations on the Structure of the Teeth of Graminivorous Quadru- 
peds; particularly those of the Elephant and sus J^hiopicus* Phil. 
Trans. 1799, part 2. 

• The researches of the same gentleman have also proved it to exist 
in the wild boar to a certain degree, and have rendered it probable 
that it occurred likewise in the animal incognitum (mammoth). 

Observations on the Structure and Mode of Growth qf the Wild Boar 
and Animal Incognitum. Phil. Trans. 1801, part 2. 

. § 31. The crowa of the tooth is gradually worn down by 
the act of mastication, and .receives from this cause a kind of 
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polished surface^ which is especially observable in the camne 
teeth of the pig and hippopotamus. The age of the horse is 
determined, by the appearance of the front teeth. It has been 
observed in the gUres^ that when the upper or lower pair of 
incisors is lost, the opposite teeth grow out to a monstrous 
length. A similar growth takes place when these animals are 
confined to soft food.* 

S S2. From the head of mammalia we proceed to consider 
the trunks according to its division into the three principal 
parts o{ spine^ pelvis, and chest. The former of these is the 
most constant part of the skeleton^ as it belongs to all red- 
blooded animals without exception^ and is not found in a single 
white-blooded one. 

S 33. It is remarkable, that the animals of this class, at 
least the four-footed ones, constantly agree in the numbcqr of 
their cervical vertebrae. The giraffe or the horse have nei- 
ther more nor fewer than the mole or ant-eater. In all there 
are always seven, as in the human subject. An unexpected 
irregularity has been discovered by Cuvier in the three-toed 
sloth if it has nine vertebrae of the neck. In some cetacea,.on 
the contrary, there are only six; and, in these animals, four or 
fiye are generally consolidated together. The atlas is diitin- 
guished in the ferce by its immense strength, and by the vast 
size of its transverse processes.:): 

The number of cervical vertebrse is the same in the cetacea as in 
other mammalia, according to Cuvier, but some of them are anchyloted. 
Thus the two first are united in the dolphin and porpoise; and the six 
last in the genus physeter. Legons (TAnat. comp, torn. i. p. 154. 

It must be accounted a singular circumstance, that the number of 
cervical vertebrae should be so constantly the same in animals, whose 
neck differs so much in length, when the number of pieces in the 
.other regions of the spine varies greatly in the different genera. No 
instance has been recorded, in which more than seven cervical ver- 
tebrae have been found in the human subject, although the number 



* See Morton's Natural History of NorthampUmshire, p. 445; and Adiaid'i 
Chymieo'Physical Writings, p. 161. 

f Annates du Museum d'Histoire Naiurelle, toI. v. p. 202. 

^ The connexion which this structure has with the teeth and jaws of these npe- 
cious animals is pointed out by Eustachius De Dentibus, p. 86; see also VetBns 
in Sfvmni Fi^ft Pj/tftia, FaLUv.l651>. p. 232. « 



-ON THX SKELETON OF MAlOfALIA. 43 

of those in the back and loins sometimes deTiates from the natural 
standard. 

The transverse processes of the vertebrae, which are particularly 
conspicuous in such carnivorous animals as have great strenffth in 
their neck, afford attachment to the large and powerfid muscles by 
which the animal executes those strong and rapid motions of the 
head, which are necessary in attacking its prey, or defending itself. 
The badger, in this country, affords an exceUenc specimen of the 
structure alluded to. 

The mole and shrew h^ve no spinous processes in the neck« The 
vertebrae form simple rings, with considerable motion on each other. 
These processes are either very short, or altogether deficient in the 
long-necked animals, as the horse^ camel^ giraffe^ &c. They would 
otherwise afford an obstacle to the bending of the neck backwards. 

The six last vertebrae of the neck are anchylosed in the oM-eaUt 
imd manis. 

% 34. The number of dorsal vertebrae is determined by that 
of the ribs, which will be spoken of presently. In the long- 
necked quadrupeds, as the horse, giraffe, camel, and other 
pecora, as well as in those animals whose head is very heavy^ 
as the elephant, the spinous processes of the anterior dopud 
vertebrae are exceedingly long, for the attachment of the great 
suspensory Ugament of the neck (ligamentum nucha:). 

S 85. The lumbar vertebrae vary much in number. The 
dephafU has only three ; the catnel seven. Some quadrumama, 
.as the mandriU, have the latter number. The horse has six ; 
the ass five. Mules have generally six^ but sometimes only 
five. Most quadrupeds have the processes of these vertebrae 
turned forwards ; in the ape, they are in their ordinary posi- 
tion, turned upwards.* The transverse processes are remark- 
ably large in many ruminantia, as also in the hare* 

% 36. The form an4 proportions of the sacrum are still 
more various. The number of its vertebrasi as they are called, 
varies in the different species of the same genus. Thus, in 
the common bat it consists of four pieces ; in mostt of the 

* Galen, in his Osteology, describes the transverse processei as having this di- 
rection ; from which circumstance, as well as from his description of the tacmm and 
flt eoccygis, and several other passages, Yesalius shewed, that the work was drawn up 
frcMpi the examination of apes, not of the human subject. See his EpiMa rationmn 
modvmque prapuumdi Radicit Cki^nm 4^eoeti pertracktm, 1546, p. 49. 

t Yesalius Ik Carp. Hum. Fabriea, p. 99. 
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smia it consists of three pieces ; in the orang-outang of four ;* 
in the chimpansef of five. This bone is distinguished in the 
horse by large lateral processes at its anterior extremity ; and 
in the mole by a thin sharp-edged plate, formed by the union 
of its spinous processes.^ A somewhat similar structure is 
found in the armadillo^ in which animal the whole pelvis has 
a very anomalous formation. As the cetacea have no pelvis^ 
they cannot be said to possess a sacrum. 

Most of the simia:, and even some which very much resemble the 
human subject, as the orang-otUangf which Camper dissected, (simia 
pygmaus) have the sacrum formed of three pieces, which consequently 
leave only two pairs of openings for the passage of the nerves. Now, 
as Galen mentions these circumstances of the human sacrum in his 
work on the bones, it must appear very clearly that the description 
could not have been taken from the human subject, but was probably 
derived, as Vesalius supposed, from the ape ; although Silvius and 
Bustachius have endeavoured to invalidate this conclusion. See 
Vesal. Epist, de Rad Ckyna ; also his great work, De Corp. Hum. 
Pabrica, p. 99. 

The true orang-outang (simia satyrus) has a sacrum composed of 
five pieces. The elephant has also iive. See Blair, Osteogr, Ele* 
phantina^ p. 29. 

^ 37. The OS coccygis is prolonged, so as to form the USi 
of quadrupeds ; and consists, therefore, in many cases, of a 
great number of vertebrae. In the cercopitkecus moria there 
are 22 ; in the cercopitkecus paniscus, 32 ; in the two-ioed 
ant-eater, 41. When an opossum or monkey loses a portion 
of the tail, (an accident which has often led to confusion in 
determining the species) a peculiar knotty excrescence, some- 
times of a carious appearance, takes place at the truncated 
extremity. 

In monkeys, and even in such simia as have no tails, where the os 
coccygis consists at most of three pieces only, this bone is perforated 
by a continuation of the vertebral canal, and by openings for the 
transniission of nerves. This structure is ascribed by Galen to the 

• Camper states, that the sacrum of this animal has three pieces : in my speci- 
men, however, there are manifestly four. 

t Tyson's Anatomy of a Pigmy, edition of 1751, p. 89. 

X Its skeleton', which is altogether very curious, is accurately described by 
Wiedemann, in his Archives of Zoology and Zootomy, vol. i. p. 106. There is also a 
delineation of the skeleton of an armadillo, prefixed to the dth chapter, of Chesel- 
den*8 Osteography. 
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human coccyx ; and hence Vesalius has derived another argument,' 
to shew that Galen's Osteology was not drawn from the human, 
skeleton. 

The orang-outang, like man, has a coccyx composed of five pieces, 
not perforated. Tyson's Anat. of a Pigmy, p. 69. 

Those vertehrse of the tail of mammalia, which are nearest to the 
sacrum, are jperforated by a continuation of the canal for the medulla 
spinalis. The lower ones are solid. The want of a pelvis renders it 
impossible for us to decide the number of sacral and coccygeal verte- 
brae in the cetacea ; but the whole number of pieces in the spine o£ 
the dolphin and porpoise is G6. 

k 88. The ossa innominata, together with the sacrum, con- 
stitute the pelvis.* There is ground for affirming, although, 
die assertion may appear paradoxical, that no animal but man 
has a pelvis ; for in no instance have the bones of this part that 
bascm-like appearance, when united, which belongs to the hu- 
man subject. Those apes, which most nearly resemUe man, 
have the ossa innominata much elongated ; and in the ele-^ 
phan^ horse^ &c. the length of the symphysis pubis detracts 
firom the resemblance to a bason. In some instances, as in the 
beaver and iimgaroo, the ossa pubis are not united by syn** 
chondrosis, but consolidated into one piece by a .bony union; 
They are, on the contrary, separate in the ant-eaters, in the 
same manner as they are found in birds. The cavity of the 
pelvis is so narrow in the mole, that it canliot hold the otgana 
of generation and neighbouring viscera, which Ue therefore 
externally to the ossa pubis. In the kangarootf and other mar- 
tupialX ammals, the superior, or rather the anterior margin 
of the ossa pubis, is furnished with a peculiar pair of small 
bones (ossa marsupialia, or comua pelvis abdominalia) some- 
what diverging from each other, and running towards the ab- 
domen. They have an elongated and flattened form, and be- 

* B. G. Schreger, Pelvu Anim, Bnttervm cum Huimana Camparatio. lips. 1787, 
4to. Autenrieth and Fischer Observationes de Pelvi Mammalium. Tubing. 1798, 9. 
Plates of the pelvis of the cow, accurately measured in G. £berhard Over het 
Verlossen der Koeijen. Amst 1798. 

t Eli Home On the Mode of Generation cf the Kangaroo, Philos. Transact. 1795. 

t Daubenton, vol. x. tab. 51. I refer here, and in other places, where a similar 
quotation occurs, to the original 4to. edition of Buffon's work. It cannot, with pro- 
priety, be quoted under the name of Buffoi](, since it is well known that the zooto- 
nical part was forpished by Daubcnton, and has been omitted in most of the subse- 
quent editions. 
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long exclusively to these animals. But in the Philos. Trans, 
of 1803, it is stated by sir E. Home, that the ormtharhynckui 
has something of this kind. They support the abdominal 
pouch in the female, but are also found in the male ; at least 
in some species. Cetaceous animals have no hind feet, nor ossa 
innominata, consequently no pelvis ; they have, however, a pair 
of small bones at the lower part of the belly, which maybe 
compared to the ossa pubis.* 

§ S9. The thorax in most, if not all animals, the marmot 
perhaps excepted, of the class mammalia, is narrower, and 
deeper from the spine to the sternum, than in man. The less 
marked flexure of the ribs of animals, and the elongation of 
their sternum give rise to this peculiarity. The long legged 
animals, as the giraffe^ and those of the stag kind, possess this 
keel-like form of the chest {thorax carinaius) in the nciost strik- 
ing degree. 

^ 40. In a very few mammalia, as some bats and armadil- 
los, there is a pair of ribs less than in man ; but in the greater 
number of this class there are more. Several quadrumam^ 
have 14 pairs; the horse, 18; the omithorht/nchus, 17; the eh* 
phani, 20 \f the two-toed sloth, {bradypus didactyhis) S3. The 
two-toed ant-eater {myrmecophaga didactyla) has 16 paiiSi 
which are remarkably broad, so that the back and sides of the 
skeleton, as low as the ossa innominata, appear like a coat of 
maiL 

The omithorhynchus paradoxus and histrix have ribs of a very sin- 
gular structure. Their true ribs, which are six in number, consist^ 
two pieces of bone ; a longer one joined to the spine, and a shorter 
connected to the sternum. These are united by means of a piece of 
cartilage ; so as to constitute a structure approaching to that of birdSi 
The false ribs, ten in number, terminate anteriorly in broad, flattenedL 
oval bony plates, connected together by elastic ligaments. Phil. TVosfc 
1802, part I, plate 3. Meckel de ornithorhyncho paradoxo, 183^ 

^ 41. The sternum in most of the mammalia is cylindrical 

* Hondelet De Piseibus, p. 46L Tyson's Anatomy qf a Porpaite, Londoiiy 1680^ 
p. 28. 

t There are only nineteen in the skeleton of the Asiatic elephant at rnnyrU BUr 
found the same number in the individuals of which he has given so excellent en •^ 
count ', and a manuscript Italian description of the elephant, whidi died at 
in 1657, confirms this statement. 
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and jointed. This structure occurs even in the quadntmima 
and the i^or^, whose skeletons^ in other respects, resemble the 
human. The form of this bone is the most singular in the 
mole ;* where its anterior extremity is prolonged into a pro- 
cess, almost resembling a ploughshare, lying under the cervi- 
cal vertebrae, and parallel with them. 

This process may be compared to the keel-like projection of the 
sternum of birds. It serves for the origin of those strong muscles of 
the anterior extremity, which assist the animal in digging its way un- 
der ground. 

% 4iS» We proceed to speak of the extremities, as they are 
called, which, although they vary considerably in the class of 
wmmmftlia^j may, ou the whole, be compared to those of man in 
their chief component parts, and in the mode in which these 
are oonnected together. 

Some passages of Aristotle^ have given rise to the singular 
mistake of supposing that the elbow and knee of quadrupeds 
are bent in a direction exactly opposite to that of the human 
subject* The error must have arisen from the shortness of 
the thigh and arm bones, which lie close to the trunk, particu- 
burly in long-legged quadrupeds, and do not project freely as 
in man, the quadrumana, the bear^ the elephant, &c. Hence 
the di£Eerent bones of the extremities in these animals have 
been compared to such parts in the human body as do not in 
reality correspond with them.j: 

We may assert, as a general observation, that die four component 
parts of the upper extremity, viz. the shoulder, arm, fore-arm, and 
Lmd, can be clearly shown to exist in the anterior extremities of all 
tpjitwmalm ; however dissimilar they may appear to each other on a 
n^erfidal inspection, and however widely they may seem to deviate 
JSrom the human structure. 

* It is hardly neoetsaiy to lemind the readen, that the terms anUrwr,^poitirwr, 
mperior, and ir^erior, are always applied to quadrupeds with reference to the hori- 
Mff rt^l position of their body. Consequently the term anterior designates those parts, 
irlncfa, in tiie erect pontion of the human body, are superior ; and so of the others. 

t Aristot. flist. Anim, 2. 1 ; and De Jneettu Anim, c. 11, PIin.iu 102. 

% See on this subject Fab. ab Aquapend. De motu locaU Animalium iecundum 
teltm, in his Oper. Anat» p. 343, AIMnus's ed. ; and Barthez Det Memememt Pro- 
pet^t de VHomme, in the Journal^iet Sfmnitu, Jamuuy, 1788^ p. 34, of Ifae Paris 
4to»edit. 
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Whenever an animal of one class resembles those of a difibent 
order in the form and use of any part, we may be assured that this- 
resemblance is only in externals ; and that it does not affect the num- 
ber and arrangement of the bones. Thus the bat has a kind of wings, 
but an attentive examination will prove, that these are really handsi 
with the phalanges of the fingers elongated. The dolphin, porpoitttt 
and other cetacea^ seem to possess fins, consisting of a single piece. 
But we find, under the integuments of the fin-like members, all the 
bones of an anterior extremity, flattened in their form, and hardly 
auBceptible of any motion on each other. We can recognize very 
clearly the scapula, humerus, bones of the fore-arm, and a hand con- 
sisting of five fingers; the same parts, in short, which form the ante- 
rior extremity of other mammalia. See Tyson's Anatomy qf a For- 
poise f fig. 10 and 11 : also Blasii Anatomia Animalium^ tab. 61, fig. 
3, 4. 

The fore-feet of the «ea-o//er, seal, walrus, and maita/i, form the con- 
necting link between the anterior extremities of other mammalia, 
and the pectoral fins of the whale kind. The bones are so covered 
and connected by integuments, as to constitute a part, adapted finr the 
purposes of swimming ; but they are much more developed than in 
the latter animals, and have free motion on each other. 

The cold-blooded quadrupeds bear great analogy in the four couh* 
lk>nent parts, and in the general structure of their anterior eztroni- 
ties, to the warm-blooded ones. See Caldesi's Observations an ika 
Turtle, tab. 3, fig. 1, 4, 5. 

The bones of the wing of birds have a considerable and unexpect- 
ed resemblance to those of the fore-feet of the mammalia ; and the 
fin-like anterior member of the penguin contains^ within the integu- 
ments, the same bones as the wings of other birds. 

§ AS. The clavicle has been said, even by some excellent 
modem zoologists, to be confined to Linnasus's order primaies 
(in which he includes man, the quadrumanous animals^ and 
bats) ; but it exists in a great number of mammalia''^ besides 
these ; particularly in such quadrupeds as make much use of 
their fore-feet, either for holding objects, as the squirrel and 
beaver ; or for digguig, as the mole ; or for raking the ground, 
as the ant-eater and hedgehog ;t or for climbing, as the sloth. 
Many other animals have, in its place, an analogous small bone, 

R 

n— ■ — r^ *^— ^nw^^—Wi^— I m^m. i_..-j« ■■ -"- ~ — -■- ^-^^— ^-^^^^-^— ^— - , , , ■ — — , ^ ^ ^— ^ 

* J. G. Haase, Comparatio clavic* Anim. Brut, cum Humanis. lips. 1766, 4to. 
Vicq d'Azyr Sur lei Clavicules and Les Os Clavic, in M^m, de VAcad. det Sciences, 
1785. 

t The use of the clavicles in some of the animals here enumerated is well pointed 
out by Fab. Hildanus, in his Short Description of the Excellence of Anatomy, Bern. 
1624-8, p. 219. 
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merely tonnected to the muscles,* and called by Vicq d* Aayr 
08 ekmeulare to distinguish it from the more perfect clavicles* 
This is the case with most of the fera,f and some gUres. 
Lastly, the form and relative magnitude of the true articulated 
clavides are subject to great variety. They are excessively 
Ipng in the fro^. Those of the orang-outang have the great* 
est resemblance to the human subjiect. In the two-toed anU 
eaier their form is that of a rib : their figure is most anomalous 
in the mole,X where they are nearly cubical. They are entirely 
wanting in the long-legged quadrupeds with keel-shaped chest; 
viz. the pecora and solidungula; as well as in the cetacea. 

The davide supports the anterior extremitVy and maintains die 
shoulder at its proper distance from the firont of the trunk. It exists, 
therefinre, in all such animals as make much use of these members, whe* 
tber for the purpose of climbing, digging, swimming, or flying. It 
does not exist, on the contrary, in such as use their fore- feet merely for 
the pnipose of progression ; since these limbs must be brought more 
fcnrwud bn the chest, that they may support that part, by being 
placed perpendicularly under it. In the genera, which hold an inter* 
mediate rank between these, which do not possess so much power in 
the fore-feet as the first division of animals, and are not so hmited in 
their employment as the second, the clavicuiar bones, or imperfect cla« 
vides, exist. 

§ 44. The scapula exists in all red-blooded animals, which 
have anterior extremities, or similar organs of motion : conse- 
quently in both classes of warm-blooded animals without ex- 
ception. The form of this bone varies much even in manuna-* 
lia ; and particularly the relation which its three sides bear to 
each other. This depends on the position of the bone, which 
is determined by the general form of the chest. The margin, 
wUch is turned towards the spine, is the shortest in most of 
the proper quadrupeds, particularly the long-legged ones with 
narrow chest ; in which the scapulae lie on the sides of the 
chest. In -some, as the elephant, the chiroptera, most of the 



* Heoce, Serae compares it to the sesamoid bones. See his Opusc, de Physieo 
ArgumtnUK Naples, 1766, 4to. p. 84. 

t F^as Spieilegyi Zoologica, ftiscic 14, p. 41 . 

i Oft this point, and the whole subject of the osteology of the mole, see Jacob's 
Anatame toljMt Eurcpea, Jen. 1816. . 

£ 
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qvadrumana, and especially in man^ this margin is the longest 
The scapula of the mole^ has a completely anomalous figui^i 
almost resembling a cylindrical bone. The coracoid process 
and acromion, the two chief projections of this bone, are strang- 
est in such animals as have two long clavicles; which might 
have been inferred d priori. 

^ 45. The remarkable varieties of the anterior extremities, 
properly so called, may be most conveniently considered accord- 
ing to the orders and genera of animals of this class. The bi^ 
and the mole present the widest deviations from the ordinary 
formation of these parts. The radius is deficient in the fote- 
arm of the former ; or at most there is only a slender sharp- 
pointed rudimentt of this bone ; their thumb is short, and fiir- 
jiished with a hook-like nail : the phalanges of the four fingers, 
between which the membrane of the wing is expanded, are on 
the contrary extremely long and thin,, almost like the sjHiies of 
a fish, and have no nails.:]: The^^m^ squirrel has a' peculiar 
sharp-pointed bone at the outer edge of its carpus, connected 
to that part by means of two small round bones, which ena- 
bles it to spring from great heights. The form of the os hu- 
meri in the mole is altogether unparalleled ; it is thin in the 
middle, and surprisingly expanded at either extremity. The 
shovel-like paw of this animal is provided with a peculiar ^a^ 
ciform bone, lying at the end of the radius. The phalanges of 
the fingers are furnished with numerous processes, and have 
moreover sesamoid bones ; all which, by increasing the angle 
of insertion of the tendons, contributes to facilitate muscular 
motion. The animals with divided claws and hoofs have some 
^culiarities in the metacarpus and metatarsus. In the pig 



* On the wonderful structure of the scapula, and its connexion with the anioma- 
loos clavicle and sternum of the orniihorhynchva, see Home, Phil, Trans. De BlsunviUei 
IHss. mr la Place que la Famille des Omithorynqaes et des Echidnas doit oceuper dans 
lei Series NaturelUs. Paris, 1812 ; and Jaff6 De Omithorhyncho Paradoxo. Berol. 
1823. 

t Weygand, Suppl. FV. to the Breslau Collection, p. 55. 

X lion. Da Vinci endeavours to prove from the structure and mechanism of the hat, 
and not of birds, in what manner men might also be able to fly. Vid. Amoretti 
Vita dt L. D, V. p. 145. 
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tliese parts consist of four cylindrical bones. In the seal the 
burge bones of the anterior extremities are not cylindrical, but 
flattened ; by which structure they serve better the purpose 
of rudders. In the pecora, before birth, there are two lying 
doBe together ; but they are afterwards formed into one by 
the absorption of the septum.* The horse has a single bone 
(gamba, Yegetius ; in French, le canon ; in English, the can* 
mm bone, or sAamk bone\ with a pair of much shorter and im- 
moyeable ones, attached to its posterior and lateral parts, and 
firmly united to it, {lespoinfons or os epineux, styloid ox spUni 
hones). The main bone only is articulated to the pcutern^ 
which may be compared to the first phalanx of the human 
inget\ as the eqjfin bone resembles in some degree the third 
phalanx, which supports the nail.t This last phalanx is very 
various in its form, according to corresponding variations in 
its faomy coverings, which may consist of a flat nail or claw, 
or hoo^ &c. 

The humerus becomes shorter, in proportion as the metacarpus is 
elongated ; so that in animals which have what is called a cannon 
botie, the OS humeri hardly extends beyond the trunk. Hence the 
mistakes, which are made in common language, by calling the carpus 
6f the horse his fore-knee, &c. 

The radius forms the chief bone of die fore-arm in the mammalia, 
generally speaking ; the ulna is a small slender bone, terminating 
short of the wrist in a point, and often consolidated with the radiuSf 
as in the horse and fvmutatiTig animals. A few genera, which have 
grreat and free use of their anterior extremity, have the power of pro«» 
nation and supination. But this power diminishes, as the fore-feet 
are used more for the purpose of supporting the body in standing, 
snd in progression. In this case, indeed, the extremity may be said 
to be cfo'nstantly in the prone position, as the back of the carpus and 
toes is turned forwards. 

The lower end of the ulna is larger than that of the radius in 
the elephant ; but this circumstance occurs in no other instance. 

The radius and ulna exist in the seal, manati, and whales, but in a 
flattened form. 

* /. B. CoTolo De Metarwfphtm duerum Omium P$dU in Quadrupedibut ali^u^, 
BoDoa* 1765, 4ta ; and Pougefoux in the M^m. de VAead, des Sc. 1772, p. 520. 

't The effect of bad shoeing in disfiguxing the natural teztnie of the hoof of the 
hone, and the structure of the hoof itself, are well explained by Bracy Claikc in 
his Serm rf original ErpirimenU &n the Fee* of the Umng Hone. Load. 1S09. 

E 2 
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Several genera of mammalia possess a hand ; but it is much haA 
complete, and consequently less useful than that of the human 8u]b*. 
ject, which well deserves the name bestowed on it by Aristotle, o(ih^ 
organ qf all organs. The great superiority of that most perfect in- 
strument, the human hand, arises from the size and strength of the 
thumb, which can be brought into a state of opposition to the fingian« 
and is hence of the greatest use in grasping spherical bodies^ in.tak* 
ing up any object in the hand, in giving us a firm hold on whatever 
we seize ; in short, in a thousand offices, which occur every moment 
of our lives, and which either could not be accomplished ataU, if the 
thiunb were absent, or would require the concurrence of both hands, 
instead of being done by one only. Hence it has been justly de- 
scribed by Albinus as a second hand <^ manusparva majori adjuirix" 
De Sceleto, p. 465. 

All the simia possess hands : but even in those, which may be most 
justly styled anthropomorphous, the thumb is small, short, and weak ; 
and the other fingers elongated and slender. In others, as some of 
the cercopiiheci, there is no thumb, or at least it is concealed under 
the integuments ; but these animals have a kind of fore-paw, whidi 
is of some use in seizing and carrying their food to the mouth, in 
climbing, &c. like that of the squirrel. The genus lemur has alao a 
separate thumb. Other animals, which have fingers sufficiently long 
and moveable for seizing and grasping objects, are obliged, by the 
want of a separate thumb, to hold them by means of the two fore^ 
paws; as the squirrel, rat, opossum, &c. Those, which are moreover 
obliged to rest their body on the fore-feet, as the dog and cat^ can 
only hold objects by fixing them between the paw and the ground. 
Lastly, such as have the fingers united by the integuments, or en- 
closed in hoofs, lose all power of prehension. 

The simia in general have nine bones in the carpus. Riolani An- 
thropographia and Osteolog. p. 908. Paris, 1626 ; but there are only 
eight in the orang-outang, according to Tyson. There are five car- 
pal bones in the fin of the whale, of a flattened form, and hexagonal. 

The metacarpus is elongated in those animals, where the toe only 
touches the ground in standing or walking ; and constitutes the 
part, which is commonly called the fore-leg ; as the carpus is termed 
the knee. 

The number of metacarpal bones is the same with that of the fin- 
gers or fore-toes : except in the ruminating animals. Even in these, 
as the author observes, there are two distinct metacarpal bones, lying 
close together before birth : the opposed surfaces first become diinr 
ner, then are perforated by several openings, and at last disappear ; 
so that the adult animal has a single cannon bone, possessing a com- 
mon medullary cavity internally, and marked on the outside with a 
slight groove at the place of the original separation. There is there- 
fore but one metacarpal bone in the adult for the two toes. The 
structure of the metatarsus is the same. 

In the horse on the contrary, if we allow the splint bones to belong 
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to the metacarpus, there will be three to a single toe. Daubenton con- 
siders the coninion bone of this animal as supplying the place of the 
t&ree metacarpal bones of man ; he compares the outer splint bone to 
the metacarpal bone of the little finger, and the inner to that of the 
thumb. Stubbs views the cannon as the metacarpal of the middle 
and ring fingers; and the inner-splint as that of the fore-finger. 
&affi>n> Hisi. Naturelie, 4to. ed. p. 302, voL iv. Stubbs's Anaiomy qf 
the Horwe. 

The single finger or fore-toe of the horse is composed of the usual 
three phalanges ; the first, which b articulated to the cannon, is call- 
ed €be pastern; the 2nd is the coronet; and the 3rd, the os basis or 
co0m bene ; on which the hoof rests. There are also two sesamoid 
hMies at the back of the pastern joint ; and an additional part, called 
the shuitU-hone^ connected to the coffin. 

In those animals which have five toes, as the carnivora^ &c., that 
which lies on the radial side of the extremity, and is therefore analo- 
gous to the thumb, is parallel with the others ; and the animal conse- 
quently has not the power of grasping any object. The last phalanx 
in these tapports the nail of the animal ; and sends a process into its 
cavity. These parts are so connected that the nail is naturally turn- 
ed upwards, and not towards the ground ; so that its point is not in- 
jured in the motions of the animal. The phalanx must be bent in 
order to point the nail forwards or downwards. 

The order o£rodentia have generally five toes ; that which corres- 
ponds to the thumb being the shortest. 

. The elephant has five complete toes ; but they are almost concealed 
by the thick skin. 

ThejM^ has four toes ; two larger ones, which touch the ground; 
and two smaller behind these, which do not reach so far. There is 
also a bone, which seems to be the rudiment of a thumb. 

The phalanges of the cetacea are flattened, not moveable, and join** 
ed together in the fin. 

^ 46. I have something to say respecting the posterior ex- 
ttemitiies. The femur of most quadrupeds is much shorter 
than the tibia, and hence it hardly projects from the abdomen. 
In some few, as the bear, the femur is longer ; this is also the 
^ase in some apes^ viz. the orang-outangs in which, as in se- 
veral other apes and baboons, the bones of the arm and fore- 
arm are surprisingly longer than those of the thigh and leg» 
Some, as the elephant^ have no ligamentum teres; conse- 
quently there is no impression made on the head of the thigh- 
bone, while it is found in others, as the rhinoceros. The/7^« 
cora want the fibula almost universally. The peculiar form of 
the astragakiSr (talus) in the Same order is generally known 



51 ON THE SKELETON OF MAMIlALIA. 

from the use which the ancients* made of the bone in tlieiif 
celebrated game. In some quadrumana, as the orang-ouiangf 
the two posterior phalanges of their toes are remarkaU^ 
curved in their shape ; a structure which enables them to hM 
the branches of trees more firmly^ and is in the same degree 
unfavourable to the action of progression in an erect po6ition« 
Cetaceous animals have no bones in their tail fins, but they 
have a bony compages in their thoracic fins, which complete 
resembles the front extremities of the seaL This is also ib^ 
case with the manati, whose front extremities were fomeriy 
taken for Sirens' hands.f 

The length of the femur depends on that of the metatarsus ; and it 
bears an inverse ratio to the length of that part. ' 

Hence it is very short in the kt/rse^ cow^ &c. where the same mis- 
takes are commonly committed in naming the parts, as in the anterior 
extremity. 

The proportions of the thigh and leg vary in different animals. The 
latter part exceeds the former in the human subject ; and the same 
remark may be made respecting the arm and fore-arm. These parts 
are nearly of the same length in the orang-outang. Some persons 
have affirmed that the negro forms a connecting link between the 
European and the orang-outang in these respects. (White on the tv- 
gular Gradation in Man and Animals, &c.) In some other simiee the 
Teg and fore-arm exceed the thigh and arm. In other animals, although 
there are some varieties, the leg is generally longer than the thigh. ' 

The femur of the mammalia is not arched as in the human subject : 
it possesses scarcely any neck ; and the great trochanter ascends be- 
yond the head of the bone. 

The fibula is behind the tibia in many animals, as the dog and the 
rodentia. It is consolidated to that bone at its lower end in the mok 
and rat. It only exists as a small styloid bone in the horse^ and be- 
comes anchylosed to the tibia in an old animal. 

The structure of the metatarsus in the ruminating animals, and the 
horse, is the same with that of the metacarpus. 

The tarsus of the horse is composed of six bones ; and is the part 
known in common language by the name of the hock. 

Animals of the genus simia and lemur, instead of having a great toe 
placed parallel with the others, are furnished with a real thumb, i. e. 



• Aristotle, Hist. Anim, 1. 2, c. 1 ; and De partibus Animal, 1. 10, c, 4. For the 
various appellations of this well known bone in most of the European and Oriental 
languages, and for its form in different animals, see Th. Hyde, Historia Talorum, in 
the 2nd vol of his Syntagma DissertatUmwru Oxon. 1767, 4to. p. 310. 

t Bartholiiu Hist. Anat, cent. 2, p. 188. 
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a part capable of beinff opposed to the other toet. Hence these ani- 
mals can neither be ciulea i^ped, nor quadruped^ but are really quad- 
rumanous or four-handed. They are not destined to go on either two 
or four extremities, but to live in trees, since their four prehensile 
members enable them to climb with the greatest facility ; so that Cu- 
vier has denominated them " ks grimpeurs par excellence.** (Lefons 
d'Anat. comp. voL i. p. 493.) The prehensile tail of several species 
is a further assistance in this way of life. The opossum, and others of 
the genus didelphis, have a similar structure with the quadrumana ; 
and it answers the same purpose. Here however there is a separate 
thupib on the posterior extremity only, whence Cuvier calls them pe- 
dinumei. 

Man is the only animal, in which the whole surface of the foot 
rests on the ground ; and this circumstance arises from the erect sta- 
ture which belongs exclusively to him. In the quadrumana, in the 
bewr^ hedgehog, and sitrew, (which are called by Cuvier pkuuigradei) 
the op cakis does not tquch the ground. 

The heel of a species of bear belonging to this country, viz. tlie 
hfldgeTf {ursus meles) is covered with a long fur, which proves that this 
part cannot rest on the ground ; although the structure both of the 
bones and muscles of the lower extremity of this animal, approaches 
considerably to that of man. The same fact is stated of the bear it« 
seli^ jHToperly so called, in the Description anatomique d'un CamiUan, 
tCun Castor, d*un Ours, &c. Paris, 1609, 4to. ; the plate is contained 
in IKaaius's Collection, tab. 32. 

|n other animals the body is supported upon the phalanges of the 
toesy as in the dog and cat ; in the horse and ruminating animals no 
part touches the ground but the Ipst phalanx. Here the elongation 
of the metatarsus removes the os calcis to such a distance from the 
loe^ that it is placed midway between the trunk and hoof. 
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CHAPTER lit. 

ON THE SKELETON OF BIRDS. 

% 47. The skeleton'*' of birds has considerable umformity in 
the whole class ; and it exhibits^ when compared with thie te- 
riously formed skeletons of mammalia, a very great and unex- 
pected similarity to that of the human subjectt 

S 48, The skull of birds is distinguished by this pecnliarityi 
that the proper bones of the cranium^ at least in the adult 
animaly are not joined by sutures, but are consolidated as it 
were into a single piece. 

A peculiarity, which seems to be confined to the cofmoranis, 
must be here mentioned. There is a small sabre- shaped bone 
at the back of its vertex, which is supposed to serve as a lever 
in throwing back the head, when the animal tosses the fishes, 
which it has taken, into the air, and catches them in its open 
mouth. But the same motion is performed by some other 
piscivorous birds, who are unprovided with this particular 
bone.^ 

Birds have, without exception, only a single condyle, placed 
at the anterior margin of the great occipital foramen. 

There is also, in the whole class, a bone of a somewhat 



* See l^itzch, Osteografisehe Beyt. zur N. G, der VogeL Leips. 1811 ; and Tlede- 
mann's Zoologie, torn, li. and iii. 

f As that excellent naturalist Belon has already shewn in his Histoire ds la No- 
ture des Oiseatix avec leurs Naifs Portraits retirez du NatureL Paris, 1555, fol. 
p. 40. 

t Consult on this subject Vine, Malacarne, Cff the Farts relating to the Brain of 
Birds, in the Memoirs qf the Italian Society, torn, i, and ii« ', and Geoff. St. Hilaire, 
in the AnnaL du Museum, torn. iii. cah. 58. 

§ The whole skeleton of the cormorant is represented by Colter in the 4th of his ex- 
cellent plates, which are attached to his edition of the Lectionet FaUopii de partibus 
similaribus, &c» Norib. 1575, folio. 
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squate figure, (called by the French os earri)'* by which the 
lower jaw is articulated with the craniun^ on both sides, in the 
neighbourhood of the ear. 

The ossa unguis are common to birds with mammalia, but 
appear to be more general in the former than in the latter : 
they are of considerable size, and must be distinguished firom 
thci supercQiaryt bones which probably belong to the aed' 
pUres, or predacious birds, only. 

The cranial bones of birds form, as might be expected, a link 
between thode of the amphibia and the mammalia. The number 
of the separate bones on the sides and the base of the cranium is 
greater in birds than in the mammalia. The principal difference be- 
tween the head of birds and that of man and other mammalia is, that 
the cranial bones of the former are less developed, whereas, on the 
ccmtrary, they are more completely separated and fully developed in 
the latter. H^nce all the bones of the skull in biros unite m one 
f»ece, and lose their individuality. The large bones of the &oe and 
of the beak project forward under the small skull. This enlargeitoent 
of the foce is effected by several bones, which in man and mamma- 
lia onhr exist on parts of the cranial bones ; for instance, the lesser 
ake of the sphenoid bones in birds are separated from the skull, and 
become facial or beak bones. 

The single condyle placed at the anterior margin of the great 06« 
d^tal foramen, gives the head a great freedom of motion, partiou- 
laxly in the horizontal direction. It enables the bird to place its bill 
between the wings, when asleep ; a situation, in which none of the 
mammalia can bring the snout 

The 0$ quadratum has a true articulation both with the lower man- 
dible and with the cranium. Another small bone is connected to it, 
and rests by its opposite end against the palate. Hence» when the 
square bone is brought forwards, which it is by the depression of the 
lower mandible, and in a greater degree by some particular muscles, 
the second bone presses against the palate, so as to elevate the upper 
jaw. 

§ 49. The jaws are wholly destitute of teeth, j; The supe- 
rior maxilla, which is completely immoveable in mammalia, 

* Herissant has giyen it this name ia the Mhn, de I* Acad, da Se» 1748. But 
Goiter has pointed it out in the work before quoted. 

f See Merrem's Observations relating to Zoology, p. 120. 

I In the upper jaw of some birds, modem zootomists have detected a rudiment of 
the maxillary bone. See Fischer's Monograph, p. 115 ; and Geoff. St Hilaiie, in the 
AnnaUtduMuMet^, poiaLX.^,347, 
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has, with a few exceptions, more or less motion in birds.* It 
either constitutes a particular bone, distinct from the rest of 
the craniumi to which it is articulated, as in the piiiiaei^ 
(birds of the parrot kind) ; or it is connected into one piece 
with the cranium, by means of yielding and elastic bony pktes; 
as is the case with birds in general. It is quite immoveable in 
▼ery few instances r as in the rhinoceros bird (at least in that 
which I possess in my collection). 

Respecting the question which has been recently agitated, 
whether in the flamingo the upper jaw only is moveahli^' 
and on the contrary the lower one perfectly immoreable; I 
can state that in the skull of this bird which I have now be^ 
fore me, this is in no way the case.j: 

The bill of birds may be considered, in some degree, as suppljring 
the place of teedi. It consists of a horny fibrous matter, similar to 
that of the nail, or of proper horns ; and is moulded to the shape of 
the bones, which constitute the two mandibles, being formed by a soft 
vascular substance, covering these bones. Its form and structure are 
as intimately connected with the habits and general character of the 
animal, as those of the teeth are in the mammalia. 

The bill is of extraordinary hardness in birds which tear their prey, 
as in eagles, or in those which have to bruise hard fruits, as parroU, 
or in those which penetrate the bark of trees, as the woodpecker^ nui" 
hatch, &c. 

This hardness is gradually diminished in those which take less so- 
lid nourishment, or which swallow their food whole ; and the bill be- 
comes a portion of nearly soft skin in those which require a sense of 
feeling in the part to enable them to obtain their food in mud, ot 
water, as in duckSf woodcocks, snipes, &c. 

Many birds, especially birds of prey and the gallinaceous tribe, havfe 
the base of the bill covered with a soft skin called cire, the use of 
which is not known. 

As the bill of birds is at the same time the organ of prehension 
and manducation, it has an important influence on their character 
and habits. Cateris paribus, there is greater strength in a short than 
in a long bill, in a thick and solid, than in a thin or flexible one ; 



* Herissant Sur Us Mouvem&ns du Bee des OiseauXf in the Mem* de VAcad, des 
Sciences, 1748, p. 345, with excellent plates. 

t Labillardiere says also of the upper mandible of the pelicanus varius, '* Cettt 
mandibule est mobile, comme eelle des perroquets,** Relation du Voyage, &c. u p* 
210. 

t Buffon, Hist, Nat, des Oiseaux, vol. xvi. p. 300, ed. in 12mo. 
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but the ganml fonn produces infinite variety in the application of 
force. 

A biO hooked at the end with sharp edges characterises birds of 
prey, whether those which prey on the smaller birds and quadrupeds, 
or those which prey on fishes, as the albairon, the petrel, &c. The 
former have a shorter beak, and proportionally greater strength. A 
tooth-like process on each side adds greatly to the strength of such a 
bill; hence the birds which are provided with these processes are 
considered. mcHre noble and courageous than the birds of prey which 
want them. The shrike, which possesses them, scarcely yields in cou-^ 
rage to the common birds of prey, notwithstanding its small size, and 
^e weakness of its wings and feet. When the hooked bill tapers to* 
wards ^e end, it approximates to the knife- shaped bill, which is pe- 
culiar to semi*predaciou8 birds, birds of carrion, crows, pie$, he* 
The knife-shaped bill indicates a charac(;er similar to tliat of aquatic 
birds, such as the grebe, gull, &c. 

Another species of strong sharp-edged bill, of an elongated shfme» 
but without a hook, serves to cut and break, but not to tear. Tnis 
is the form of the bill in birds which live upon animals which make 
resistance in the water, as reptiles, fishes, &c. Some of these bills are 
quite straight, as in the heron, the ttork ; some are curved towards 
die bottom, as in the tantalus, or towards the top, as in the Jabiru. 

Some sharp-edged bills have their sides approximatins^, like the 
blade of a knife to its handle, and can only serve to seize small sub* 
stances ; of this description is the bill of the penguin, the pi(ffin (where 
it has the further peculiarity of being as deep as it is long) and the 
aU'WiUerf in which another singular circumstance is observed, namely, 
that the upper mandible is shorter than the lower, so that the bird can 
oidy seize substances by pushing them before it, as it skims along the 
water. Lastly, there are some sharp-edged bills, which are flattened 
horizontally ; they serve to seize fishes, reptiles, and other large ob* 
jects. The boat-biU has a bill of this description, which is also fur- 
nished with tooth-like processes, ^omefly-catchers and green todies 
have a similar structure on a minute scale. 

Of the bills, of which the edges are not cutting, some are flattened 
horizontally. When they are long and strong, they serve for swal- 
lowing prey of large dimensions, but which makes little resistance. 
When they are long and weak, as in the spoonbill, in which the flat-> 
tened extremity of this part gives the name to the bird, they serve 
only to imbibe small objects in the mud or water. 

The bills of ducks, which are in some degree flattened, the more 
conical ones of geese and swans, and that of the fltimingo, of which 
the upper mandible crosses the lower, have all transverse laminae 
ranged along their edges, which, when the bird has seized any 
thing in the water, give passage to the superfluous fluid. Thus aU 
these birds are aquatic. In the goosanders, which in other respects 
partake very much of the nature of ducks, these laminae become 
small, conical, tooth-like processes, which are well adapted for hoUU 
ing &h» of which the goosanders destroy great numbers. Wholly 
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diflEnreot from tfaeM are the long, thin, soft biUs, peculiar to birdi 
which derive their food from animals in mud or stagnant waters. 
They are straight in the mipe^ hooked towards the end m the curleuf, 
and towards the top in the avocettt* 

The bills of the tofucan and the calao are remarkable fi>r their 
extraordinary size, which is sometimes equal to that of the whde 
bird. The osseous substance of these bills is of an extremdy light 
cellular texture, without which they would be incapable of maintam- 
ing an equilibrium in their flight* The horn which covers them ii 
so fine as to become irregularly indented on its edges, by the use 
which the bird makes of it. In addition to their enormous bilk, the 
ealaoM have prominences upon them of the same substance, and of 
various forms, the use of which is not known. The cdlao rhtnocarm 
is the most remarkable in this respect, as it appears to have two 
enormous bills, one over the other. 

The wood-peckers have a long, strong, prismatic bill, compressed 
at the end, which enables them to penetrate the bark of trees. That 
of the king-fisher is nearly similar ; but being much longer in pro- 
portion to the size of the bird, it cannot serve the same purposes ; 
besides, the tongue, which is of great importance in determining the 
use of the bill, is altogether different. 

The short, conical, arched bill of the gallitut serves only to take up 
grain and similar substances, which they swallow so quickly that 
small pebbles are frequently united with their food. These Inrds, in 
an unconfined state, feed on insects as well as grain; indeed the 
young ones, in many species, live for some time exclusively on insects. 

The bills of the smaller birds (passeres) present all the varieties of 
the conical form, from the broad-based cone of the hawfinch to the 
thread-like cone of the humming-bird. Such of them as have a 
short strong bill live on grain; those with a long, thin bill, on 
insects. Where this weak bill is short, flat, opening very ante- 
riorly, as in martins and siuallows, the bird seizes flies and butterflies 
in the air ; if it be long and curved, possessing some strength, as in 
the hoopoe f it grubs up worms for its food. The tubulated tongue 
of the humming-bird is capable of being elongated so as to enable it 
to suck up honey from the calices of flowers. 

Of all bills the most extraordinary is certainly that of the cross-bill^ 
in which the two mandibles cross each other at a considerable angle, 
for this formation seems to be directly opposed to the natural pur- 
poses of a bill. The bird, however, contrives to pick out the seeds 
from the cones of the fir, and it is limited to that species of nourish- 
ment. 

§ 50. The proportionate magnitude of the bones of the 
cranium and jaws varies much in this class. The former are 
large in the owl; the latter are of vast magnitude in the rhi* 
noceros bird. A most remarkable sexual difference appears 
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hi the skull of the crested hem : in these the froiital portion 
of the cranium is dilated into an immense cavity, on which the 
crest of feathers is placed. This degeneracy of the formatiTe 
impulse, which is propagated to the offspring, is quite unpa- 
ralleled in the whole animal kingdom."*" I have lately examined 
teyeral heads of such hens in a fresh state, and have found 
diat this peculiar dilatation of the cranium is filled by the 
hemispheres of the cerebrum^ and it is separated from the 
posterior part which holds the cerebellum, as in the common 
hen, by an intermediate contracted portion. 

§ 51. One of the peculiar characteristic differences of the 
cranium of birds when compared to each other,t consists in 
the mode of separation of the orbits, which are of great size 
n the whole class. In some they are separated by a mem 
branous partition only ; in others by a more or less complete 
bony septum. The relation which the nasal and palatine 
(Openings beat to the upper jaw varies much, even in the diffe- 
rent specie? of the same genus. They are small in the start, 
and on the. contrary, so large in the crane, that the longest 
pottion of the jaw appears to consist merely of three thin por- 
tions of bone, placed far apart from each other, and converging 
towards the point of the bill. 

.^ 52* The want of motion in the back of birds, (their dorsal 
vertebrae have the spinous, and even the transverse processes, 
often anchylosed) is compensated by a larger number, and 
gfei^r mobility of the cervical vertebrae ; of which, to quote 
a few instances, the raven has 12, the cock 13, the ostrich 18| 
the stork 19, and the swan 23. 

^ 53. The.tihiiik of birds has fewer cartilaginous parts than 
the corresponding division of the skeleton in mammalia. That 
part of the spine which belongs to the trunk is short and 
rigid, and has no true lumbar vertebrae. Neither has an/ 
bird an os coccygis prolonged into a true jointed tail. In the 
gaUus ecaudatus, in which the nrnip has been lost by de- 
generation, there is nothing more to be seen of the coccyx 
thgn an unshapely knotty process. 



* See Pallas, hac, 4, Act. Acad, PetropoliU 1780, part 2, p. 97. 
t See J. T. Klein, Stemmata Apium, Lips. 1759; 4to. 
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The number of cervical Tertebrae in birds virief from ten to 
twenty-three ; thoee of the back from seven to deven. From hence 
to the tail they are consolidated into one piece with the os innomi- 
natum. The tail has from seven to nine pieces. 

The length of the neck increases generally in proportion to that of 
the legs ; but in aquatic birds in a much greater proportion, since 
they have to seek their food below the surface of the water on which 
they swim. 

The cervical vertebrae are not articulated by plane surfaces, but by 
cylindrical eminences, which admit a mote extensive motion, as they 
constitute real joints, instead of synchondroses. Four or five of the 
upper pieces only bend forwards, while the lower ones are confined 
to flexion backwards. Hence the neck of a bird acquires that dou- 
ble bend, which makes it resemble the letter S. It is by rendering 
the two curvatures more convex, or more straight, that the neck is 
shortened or elongated. The great mobility of the neck enables birds 
to touch every point of their own body with the bill, and thus to 
supply the want of the prehensile faculty of the superior extremity. 
The atias has the form of a small ring, which articulates with the 
head by only one surface. In proportion to the mobility of the neck 
of birds is the fixed state of the dorsal vertebrae, which are connected 
together by strong ligaments. The greater part of their spinous 
processes are consolidated into a single piece, which runs like a ridge 
a)ong the whole back. The transverse processes terminate in two 
points, one directed anteriorly, the other posteriorly; they meet 
those of the two other classes of vertebrae, sometimes anchylosing 
with them, as the spinous processes do with each other. This struc- 
ture is necessary to give steadiness to the trunk in the violent 
motions required by the action of flying. Accordingly birds which 
do not fly, as the ostrich and the cassowary, have a moveable spinal 
column. 

The vertebrae of the tail are most numerous in those birds which 
move it with the greatest force, as the magpie and the swallow. They 
have inferior as well as superior spinous processes, and the transverse 
processes are long. The last is the largest, and has the shape of a 
ploughshare, or flattened disk. The cassowary, which has no visible 
tail, has this last bone ; in the peacock, it has the shape of an oval 
plate, situated horizontally. 

§ 54. The pelvis of birds is chiefly formed by a broad and 
simple OS innominatum ; the lateral portions of which are of 
diflferent figures in the several genera ; but, instead of uniting 
below to constitute a symphisis pubis, they are quite distant 
from each other. The ostrich alone forms a remarkable ex- 
ception to this rule, inasmuch as its pelvis, like that of most 
quadrupeds, is closed below by a complete junction of the 
ossa pubis. 

The pelvis of birds consists of the same bones as that of man. The^ 
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length and breadth of the pelvis Tary in different dastes of birds ; it 
is broadest and most developed posteriorly in the gallinaceous birds* 
which seldom fly and generally go erect. The pelvis is small and 
short in birds of prey ; that of the passeres, ptct, and Uviroitres holds 
a middle place between the pelves of the galUnaceouM birth and the 
birds (if prey. In the anseres, {swimming birdi) the pelvis is very 
much elongated. It is particuJarly small and laterally compressed in 
some of the gralkt, so that tlie ossa innominata and sacrum form a 
kind of keel. In the ostrich and cassowary the pelvis is closed ante- 
Iriorly, and resembles that of mammalia. 

' % 55. Birds have fewer ribs than mammalia ; the number^ I 
believe, never exceeds ten pairs. The false ribs, i. e. those 
which do not reach to the sternum, are directed forward ; the 
true ones are joined to the margin of the sternum by means 
of small intermediate bones. The middle pairs are distui- 
guished by a peculiar flat process, which is directed upwards 
and backwards. 

^ 56. The sternum of these animals is prolonged below into 
a vertical process, (crista) for the attachment of the strong 
pectoral muscles. In the male wild swan {anas' cy gnus) and 
ift some species of the genus arde<t^ as the crane^ this part 
fonns a peculiar cavity for the reception of a considerable por- 
tion of the trachea. The crista is entirely wanting in the 
ostrich and cassowary ; where the sternum presents a plane 
and uniformly arched surface. This peculiarity of structure 
is accounted for by observing, that these birds have not the 
power of flying. The wings, which are very small, assist in 
balancing the body as they run. 

§ 57. The wings are connected to the trunk by means of 
three remarkable <bones.* The clavicles, which are always 
strong, constitute straight cylindrical bones. Their anterior 
extremities are connected to the sternum by means of a bone 
peculiar to Inrds ; viz. the fork-like bone, or, as it is more 
commonly termed, the merry thought. {Furcula, or os jugate, 
in Latin, la lunette, or fourchette, in French.) The ostrich 



' * For an acoount of several differences in tiieir structure, see Vicq d'Azyr in his 
Mimoins pour servir h VAnatomie d$s Oiseaus, ia the M(m, de VAead. des Sc, 1772, p. 
S2«. 
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and eauowary hare indeed no separateyWrcttfa/ but on either 
side of the front of the chest an elongated flat bone, consist- 
ing of a rudiment of the/ttrcttfa, with the clavicle and scapula 
consolidated into one piece.* 

The point of the fork-like bone is joined to the most prominent 
part of the keel of the sternum ; and the extremities of its two 
branches are tied to the humeral end of the clavicles and the front 
of the scapulae, just where these bones join each other, and are 
articulated with the humerus. Hence it serves to keep the wings 
apart in the rapid motions of fl3ring. " As a general observatiOB it 
may be stated, that the fork is strong and elastic, and its branches 
wide, arched, and carried forwards upon the body, in proportion as 
the bird possesses strength and rapiaity of flight ; and accordin^y 
the siruthious birds, {ostrich and cassowary) which are incapable of 
this mode of progression, have the fork very imperfecdy formed. 
The two branches are very short, and never united in tlie jffiicaH 
ostrich, but are anchylosed with the scapula and clavicle. The casso- 
wary has merely two little processes from the side of the davide, 
which are the rudiments of the branches of the fork. In the New 
Holland ostrich there are two very small thin bones, which are at- 
tached to the anterior edge of the dorsal end of the clavicles by 
ligament ; they are directed upwards towards the neck, where they 
are fastened to each other by means of a ligament, and have no con- 
ne:kion whatever with the sternum." 

Macartney, in Rees's Cyclopadia, Article Birds, Anatomy of. 

. § 58. The bones of the wing may be compared on the whole 
to those of the upper extremity in man, or the qtiadrumana; 
and consist generally of an os humeri ; two bones of the fore- 
arm; two of the carpus; two, which are generally consolidated 
together, of the metacarpus ; one bone of the thumb ; and 
two fingers ; of which that which lies towards the thumb con- 
sists of two phalanges, the other only of one. The most 
rem'^rkable deviation from this structure, in respect to the 
number, as well as the formation and relative proportion of the 
bones, is found in the fin-like wings of the penguin.^ All 
the bones are here of a very remarkable flattened form, as if 
they had been pressed ; there are two supernumerary bones 



* See De Fremery, OUerv, Osteologica de Casnario Nova Hollandia, Ultraject. 
1819, p. 25. 

t On the wing of the owl, see Heusinger, in Meckel's Deutsch, Archiv, vol. vii. p. 
177. 
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at the elbow, and the bone of the thumb is entirely want- 
ing. 

§ 59, The bony structure of the lower extremities is more 
simple in birds than in mammalia. In general it comprehends 
piity the following bones, viz. the femur, the tibia, (to which^ 
in some instances, is added a small, thin, closely adhering 
pointed fibula), one metatarsal bone, and the toes. On the 
metatarsal bone of the domestic cock and other birds of the 
gallinaceous tribe, the spur is situated, a process covered with 
horn, between which and the genital organs a peculiar sym« 
pathy is supposed to exist.* The place of the patella is sup- 
plied, in many cases, by a process of the tibia. As birds have 
neither a true fibula, nor tarsus, their tibia is immediately ar- 
ticulated with the metatarsus. There is, in most of this class, 
a peculiar progressive increase in the number of phalanges of 
the toes : the great toe has two ; the next, three ; the middle 
one, four ; and the outer one, five.i* The psittaci have, how- 
ever, a peculiar cross-bone belonging to the great toe; at 
least I have found it in several skeletons of psittaci in my 
collection. That in the psittacus eritkacus resembles a short 
cylindrical bone ; in the psittacus leucocephalus its formation 
is rounder. 

Birds certainly have a fibula, contrary to the general assertion of 
the author ; but it is small, and soon anchylosed to the tibia. 

The lower end of the bone, which answers to the tarsus and meta- 
tarsus, forms as many processes as there are toes ; and each of these 
has a pulley for articulation with its corresponding toe. 

The vast length of the leg in the wading birds, (gralla) the ostrich 
and tv/jsowar^, is produced by the tibia» and common bone of the 
tarsus and metatarsus ; for the femur is comparatively short 

The stork, and some others of the gratia, which sleep standing 
on one foot, possess a curious mechanism for preserving the leg in a 
state of extension, without any, or, at least, with little muscular 
effort. There arises from the fore-part of the head of the metatarsal 
bone a round eminence, which passes up between the projections of 

* See Osiander, in Beckman's Beytrage %ur Geschichte der Erfindungen, VoL v. s.. 

499. 

f Several excellent remarks on this> as well as other parts of the osteology of this 
class, may be ibund in Pro&ssor Schneider's instructiye work, Ommentar^ ad reli^ 
Libnrum Frederiei 2ndi Imperatcrit, p. 30. 
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the pulley, on the anterior part of the end of the tihia. This emi- 
nence affords a sufficient degree of resistance to the flexion of the 1^, 
to counteract the effect of the oscillations of the body, and wooild 
prove an insurmountable obstruction to the motion of the joint! if 
there were not a socket within the upper part of the pulley of the 
tibia, to receive it when the leg is in the bent position. The loweUr 
edge of the socket is prominent and sharp, and presents a sort of 
barrier to the admission of the eminence, that requires a voluntary 
muscular exertion of the bird to overcome, which being accompUshed, 
it slips in with some force, like the end of a dislocated bone. 
Macartney, hco ciiaio. 
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CHAPTER IV. 

ON THE SKELETON OF AMPHIBIA. 

§ 60. The general form of the body, and consequently the 
structure of the skeleton, varies so much, in the first place, in 
die two orders of this class, viz. tiie four-footed amphibia and 
the serpents; and, secondly, in the three leading classes of 
the first order, namely, the testudines, the frogs, and the 
Uzards; that it will be best to arrange our observations on this 
subject according to the natural divisions of the orders and 
classes. 

% 61. The testudines, (turtles and tortoises) whose whole 
skeleton,* and indeed whose whole body has a very peculiar 
structure, are entirely toothless ; they have, however, a kind 
of OS intermaxillare in the upper jaw* The homy covering of 
the jaws, particularly the upper one, has some resemblance to 
the horse's hoof, in the mode of its connexion with the jaw. 
The cavity, containing the brain, is extremely small, in com- 
parison with the size of the skull ; the greatest part of which, 
in the turtle, is occupied by the large lateral fossae, holding 
the eye and the powerful muscles that move the lower jaw.'f' 

This circumstance is still more re^narkable in the crocodile. The 
cranium of an individual, measuring thirteen or fourteen feet, will 
hardly admit the thumb ; and the area of its section does not consti-* 
tute the twentieth part of that of the whole head. 

The chameleon affords another instance of the same structure : its 
brain, according to the description of the Parisian dissectors, does 



* Good TcprMentatioiui of the whole skeleton may be found in Goiter, Cheseldenj^ 
and particularly in J. D. Meyer's Pattimes, with C&naderations qf curious Representa't 
tions <f M kinds qf Animals, &c. vol. i. p. 29, vol. ii. p. 62. The individual parts 
are represented in Giov, Caldesi's Anatomical Observations relating to Turtles. Floreitee, 
1687, 4to. 

t A masterly delineation and description of the skull of the testado is given by 
Dr. UlHch in his vrork before quoted. 

F 2 
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not seem larger than a pea; and the whole head, which is of ccmsi- 
derable size, consists of the large maxillary bones, the orbits, and 
immense temporal fossse, which, not being separated by any partition, 
give the cranium a very singular appearance. 

See the Description anatomique (Tun Camtlion, &c. or Blasias's 
Collection^ tab. 14. 

§ 62. The trunk is consolidated with the two great shells 
of the animal; the dorsal vertebrsB and ribs being attached to 
the upper, the sternum being fixed in the lower or abdominal 
shell. The upper bony covering, or that of the back, cotisists 
of about fifty pieces, which are partly connected together by 
real sutures. 

§ 63. The same bones are found in the pelvis of these si&i- 
mals, as in the mammalia ; but the proportion of their relafive 
size is inverted. For instance, the ossa pubis are so deep and 
broad, that they form the largest flat bones in the whole ske- 
leton, while the ilia are the smallest. 

§ 64. The form and position of the scapula and davicle are 
the most extraordinary. The former has a most anomalous 
situation towards the under part of the animal, just behind 
the abdominal shell ; the latter consists of two pieces, joined 
at an acute angle, to which the humerus is articulated. 

§ 65. Frogs and toads* have no real teeth, though the mar- 
gin of the jaws is denticulated. Their spine is short, and 
terminates behind in a straight and single bone, which is re- 
ceived into the middle of the somewhat fork-like os innomi- 
natum. 

§ 66. They have no ribs ; but the dorsal vertebrae are fur- 
nished with broad transverse processes. The scapula, which 
is thin and flat, and a pair of bones, corresponding to the 
clavicle, are joined to the sternum. 

* Skeletons of the frogs and toads of this country (Germany) may be seen in the 
well known chef d'oeuvre of Roesel, De Ranis nostratilms. The singular skeleton 
of the raita pipa, (Surinam toad) is accurately described and delineated in the first 
fascLC. of Professor Schneider's Histor, Amphibior, It is particularly distinguished by 
the large lateral processes of the sacrum, and by a bony cavity (^cista Schneid,^ of 
unknown use, placed behind the sternum, and belonging exclusively, as it should 
seem, to this animal. See Kudolphi, in F. G. fireyer's Obi, Avat, circa fabricam Rana 
Piper » fierol, 1812 ; also the Rana Paradoxal by Lorenz ; and C. H. Merten'i Ofa. 
in Osteologiam Batrachorum nostratium, Hal. 1820. 
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§ 67. The bones of the fore-arm and of the leg have a 
peculiarity of structure^ in these animals^ which deserves no* 
tioe* These bones consist of a single piece, which is solid 
in the middle, without any medullary cavity, but divided at 
either extremity into two conical portions, having manifest 
medullary cavities.* 

§ 68. Among the amphibia of the class of lizards, the cr6* 
cadilef . may be taken as an example,^ on account of many 
remarkable peculiarities in its structure. In no other animal 
are the jaws of such immense size, in comparison with the ex- 
tremely small cavity of the cranium. The anterior part of the 
upper jaw consists of a large intermaxillary bone, and the 
lateral .portions of the low^r maxilla are formed of several 
pieces joined together. The lower jaw is articulated in a pe* 
culiar. manner, in these animals, although the commencement 
of this kind of articulation is seen in the jaw of the testudines : 
it has an articular cavity, in which a condyle of the upper jaw 
is received. . The condyle resembles in some measure, the 
pulley at the inferior extremity of the humerus, the trochlea, 
or rotula of Albinus ; this, at least, is the case in the skull of 
KudUigator^ which I have before me* 

The old error of supposing that the upper jaw of the cro- 
codile is moveable, and the lower, on the contrary, incapable 
of motion, which has been adopted even by such anatomists 
as Vesalius and Columbus, has perhaps arisen from this pecu- 
liar mode of articulation. An examination of the cranium 

• - 

shews, that if the lower jaw remains unmoved, the whole 
remainder of the skull may be carried backwards and forwards 
by means of this joint ; and such a motion is proportionally 

* See Troja's Memoir eonoemmg the tingular Structure qf the Tihia and Ulna in 
Frogtand Toads, in hii Experiments on the B^reneration of Bones, Naples, 1779, p. 

250. 

t The skeleton of the crocodile is represented in N. Crew's Museum RegaUs Socis- 
tatji. ; Load. 1681 ; also in Faujas St Fond, Histoire Nalurelle de la Montague de 
8t, Pierre de Maestricht, 

t The sktieton of the common groen lixard may be seen in Goiter, pU 4 ; Meyer, 
torn, i« pL 56 ; that of ihtsalamander and waterrnewt are also given in Meyer ; that 
of .th^dboiMteni is piefixad to Cheielden'ii 6th ch. . 
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easier in the present instance than in any other animal, both 
on account of the very great relative siae of the lower jaw, te 
well as from its anomalous mode of articulation. There ii^ 
however, no motion of the upper jaw-bone only, similar toiiM 
which occurs in most birds, serpents, and fishes. 

§ 69. The numerous teeth of crocodiles have this p^euli^upitf 
of structure, that in order to faciHtate their change, Aere are 
always two, of which one is contained within the other.* 

§ 70. But the most surprising singularity in the skdetoiKtf 
the crocodile consists in an abdominal sternum, which ia €pilt» 
different from the thoracic sternum, and extends from th^^i^ 
siform cartilage to the pubis, apparently for the purpOM of 
supporting the abdominal viscera. In the skeletona of fhvie 
East Indian crocodiles which I have examined, there inf^ere 
ten pairs of true, and two of false ribs. The former had 
bony appendages ; and there was a third intermediate portion 
between the chief piece of the rib and each appendix. The 
abdominal sternum consisted of seven pairs of cartilaginous 
arches connected together. The six front pairs were inters 
rupted by open intervals; and the space between the last 
pair and the pubis was filled by a broad piece of eartilage.t 

% 71. The serpentsf have an upper jaw, unconnected with 
the rest of the skull, and more or less moveable of itself. 

§ 72. We find in their teeth the important and clearly de- 
fined difference, which distinguishes the poisonous species of 
serpents from the much more numerous innoxious tribes. 

The latter have, in the upper jaw, four maxillary bones, be- 
set with small teeth, which form two rows, separated by a 
considerable interval from each other. One of these is placed 
along the front edge of the jaw ; the other is found more in- 
ternally, and is situated longitudinally on either side of the 
palate. 



* Sometimes three, according to Retzins, Animadvers, circa Crocod, 1797, 4toi. 

t A somewhat similar structure in the crocodile of the Nile is described by S« Vos- 
Ungius, in his Observ. Anat, p. 43 ; and in the alligator, by Flumier, in the Mi' 
moires de Trevoux, of January, 1705, p. 127. 

X Skeletons of several Miake» aie contained in the work of Meyer abore quoted* 
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The external row is wanting in the poisonous species; 
which have, in their stead, much larger tuhular fangs con- 
nected with the poison bladder, and constituting, in reaHty, 
bony excretory ducts, which convey the venom into the wound^ 
inflicted by the bite of the animal.* 

§ 73. It appears, in general, that the number of vertebrse in 
red-blooded animals, is in an inverse proportion to the sise 
and strength of their external organs of motion. Serpents, 
therefore, which entirely want these organs, have the most 
numerous vertebras ; sometimes more than 300. 
• The last vertebras of the tail, in the rattlesnake, are 
broad, and covered by the first hollow pieces of the homy 
rattle: the succeeding portions of this singular and mysteri- 
ous organt are connected to each other in a most curious 
way. 

It may be observed, in confirmation of the remark, with respect 
to the relation between the vertebrse and the external organs of mo- 
tion, that the number of vertebrse is very great in fishes of an elon- 
gated fi>rm, viz. in the eel^ which has above one hundred. The por* 
poise, which has no organs of motion which deserve mentioning, has 
between sixty and seventy. 

Birds which have such vast power of locomotion by means of their 
wings, have very few vertebrae, if we consider the anchylosed ones 
as forming a single piece ; and the /rog, with its immense hinder ex* 
tremities, has a very short spine, consisting of still fewer pieces. 

With regard to the peculiar organ of the rattle-snake above al» 
luded to. Dr. Mead*s supposition is by no means improbable, that it 
may serve to bring birds, &c. within their reach, from the effects of 
fear its sound produces, in the same manner that the horns of the ce* 
rastes were formerly imagined, and probably not without justice, to 
be employed. Major Gardner, a correct and faithful observer, who 
had long lived in East Florida, affirms, that the young Indians of 
that country were accustomed to imitate the noise of this serpent, for 



* Specimens are delineated, for the sake of comparison, in the 4th part of my Jh^ 
KfMoiions, &c. tab. 37, where the heads of a rattlesnake (crotaitu) and a foa, ars re* 
presented with their mouths open. 

t For the probable use of this organ, which belongs so exclusively to the rattle 
mahe; and for the assistance which it may afford to this inactive animal, by draw- 
ing towards it the frightened birds, (which, indeed, may have given rise to the 
stories concerning its supposed power of fascination) see Voigfs Magasine, vol. L p. 
37, On the faidnating Power rf the Rattletnake, par^cularly wUh retpect to a toorlc <f 
Dr. Barten't. 
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the purpose of taking sqiiirreli , &c Vide Blomenbach't lUanual cf 
Natural History ^ by Gore, p. 142. ■ - 

S 74. Of all animals, serpents possess by fiur the greatie^t 
number of ribs ; which amount, in some, to 250 pairs. It is 
necessary to mention here the eosta scapularet of the coftra 
rfj cabelOf {coluber naia) which enable the animal to inflaieits 
neck. This is also the case with other species of the coluber ; 
namely, the Egyptian coluber haje, which can dilate its neck 
very considerably when enraged.* 

Serpents, with the exception of the angms JragilU, (blM^ 
worm) are the only red-blooded animals which hare no stmr- 
num.t 

The occiput is connected to the atlas by a single condyle in the 
crocodile and turtle; in the lizard and /oWoije there is a slight appaar- 
ance of division into two surfaces ; in the /rog and toad there arc 
two condyles ; and in the serpents there are three articular sur&ces 
on a single tubercle. 

The condyle of the turde being deeply imbedded in the atlas, the 
motions of the articulation must be limited : the protraction and i^ 
traction of the head in this animal are effected by the flezicm and cx.- 
tension of the vertebrae of the neck. 

The lower jaw is articulated with an eminence of the cranium in 
the lizards, turtles, frogs, salamanders, blindworms, (qnguis fragilis) 
and amphisbana ; besides the crocodile in which the author mentions 
it. This bony eminence is compared by Cuvier to the os quadratum 
of birds. The lower jaw only is moveable in these animals. Its ar- 
ticulation in the turtle is by means of a ginglymus. In all the ve- 
nomous serpents the upper jaw is moveable on the head, ais in birds : 
these animals require as extensive an opening of the mouth as possi- 
ble, since they swallow others whole, which are actually larger than 
their own body. 

Sir Everard Home was led to the discovery of the aid afforded by the 
ribs of the whole tribe of snakes in the progressive motion of those 
animals by the following circumstances. A coluber of unusual size, 
brought to London to be exhibited, was shewn to sir Joseph Bankes; 
the animal was lively, and moved along the carpet briskly ; while it 
was doing so, sir Joseph thought he saw the ribs move forward in 
succession, like the ribs of a caterpillar. 

The fact was readily established, and Sir Everard felt the ribs with 
his fingers as they were brought forward ; when a hand was laid flat 



• See Home, Philos, Trans. 1804. 

t On the part which the ribs perform in the progressive motion of makes, ict Sir 
Everard Home, in the Philosophical Transactions for 1812. 
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umdfr the snake, the ends of the ribs were distinctly felt upon the 
palm, as the animal passed over it. This was an interesting disco- 
very, as it tended to demonstrate a new species of progressive motion, 
and' one widely different from those already known. 

In the draco volans the nbs form the skeleton of the wings, by 
means of which the animal flies, the five posterior ribs being bent 
backwards and elongated for that purpose, so that in that instance 
die j^gressive motion is performed by the ribs, but those particular 
ribs are superadded for this purpose, and make no part of the organs 
of respiration, whereas, in the snake, the ribs are so constructed as to 
perform their office with respect to the lungs, as well as progressive 
motion. 

That ribs are not essential to the breathing of all animals, whose 
longs are situated in the same manner as in snakes, is proved thy 
the syt*en having no ribs ; but as this animal has also gills, and can 
breathe in water as well as in air, the lungs are not so constantly em- 
ployed, and probably a less perfect supply of air to them may suflBce. 
In animals in general, the ribs are articulated to the back bone by 
means of a convex surface, which moves upon a slightly concave one 
fimned upon two of the vertebree, partly on the one and partly on the 
other, so that there is a rib situated between every two vertebrae of 
the back ; but in the snake tribe, the head of the rib has two slightly 
concave surfaces, which move upon a convex protuberance belong- 
ing to each vertebrae, so that there is a rib to each of the vertebrae. 

One advantage of this peculiarity is, that it prevents the ribs from 
interfering with the motion of the vertebrae on one another. The ver- 
tebrae are articulated together by ball and socket joints (the ball being 
found upon the lower end and the socket on the upper one) and have 
therefore much more extensive motion than in other aniroab. The 
muscles, which bring the ribs forward, consist of five sets, one from 
the transverse process of each vertebra, to the rib immediately be- 
hind it, which rib is attached to the next vertebra. The next set 
goes from the rib a little way from the spine, just beyond where the 
former terminates ; it passes over two ribs, sending a slip to each, and 
is inserted into the third ; there is a slip also connecting it with the 
next muscle in succession. Under this is the third set, which arises 
firom the posterior side of each rib, passes over two ribs, sending a 
lateral slip to the next muscle, and is inserted into the third rib be- 
hmdit. 

The fourth set passes from one rib over the next, and is inserted 
into the second rib. The fifth set goes from rib to rib. On the in- 
side of the chest there is a strong set of muscles attached to the an- 
terior surface of the vertebrae, and passing obliquely forwards over 
four ribs to be inserted into the fifth rib, nearly at the middle part 
between the two extremities. From this part of each rib a strong flat 
muscle comes forward on eaoh side over the viscera, forming the 
abdominal muscles, and uniting in a beautiful middle tendon, so that 
the lower half of each rib, which is beyond the origin of this muscle, 
and which is only laterally connected to it by loose cellular mem- 
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lmuie» is external to tbe belly of the animal for the purpose of pro- 
ffressive motion, and that hau of each rib next the spme, as fieur as the 
fangs extend, is employed in respiration. 

At the termination of each rib is a small cartilage, in shape cor- 
responding to the rib, only tapering to the point. Those of the op- 
posite ribs hare no connexion, and when the ribs are drawn outwards 
by the muscles, are separated to some distance, and rest through their 
whole length on the inner surface of the abdominal scuta, to which 
they are connected by a set of short muscles ; they have also a con« 
nexion with those of the neighbouring ribs by a set of short straight 
muscles. 

These observations apply to snakes in general ; but they have been 
particularly examined m a boa cansh-ictor, three feet nine iiKshes 
long, preserved in the Hunterian museum. In all snakes, the ribs ars 
continued to the anus, while the lungs seldom occupy more than one* 
half of the extent of the cavity covered by the ribs. These lower ribs 
can only be employed for the purpose of progressive motion, and 
therefore correspond in that respect with the ribs in the draco voImm 
superadded to form the wings. 
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CHAPTER V. 

ON THE SKELETON OF FISHES. 

\ 75. We should naturally conclude, from observing the great 
diversity in the general form of fishes, that the structure of 
iheiT skeleton must be equally various.* They agree together^ 
Kowever, on the whole, in having a spine, which extends from 
file cranium to the tail-fin ; and in having the other fins, par- 
fienlarly those of the thorax and abdomen, articulated with 
peculiar bones destined to that purpose. They have in gene- 
ral many more bones unconnected with the rest of the skele- 
ton^ than the animals of the preceding classes.*)* 

I 76. The cranium in several cartilaginous fishes (in the 
skaie for instance) has a very simple structure, consisting 
chiefly of one large piece. In the bony fishes, on the contrary^ 
its component parts are very numerous ; amounting to 80 in 
the head of the perch. Most of the latter have a more or less 
moveable under-jaw. 

§ 77. Great variety in the structure of the teeth is observed 
in this class. Some genera, as the sturgeon, are toothless* 

* Delineations of the skeleton of most marine fishes are still wanting. A beauti- 
ftil view of the skate is given by Cheselden, in the beginning of his work ; those of 
the tfream and herrir^ are well delineated and described in Rosenthal's lethyatomii' 
ehgn Tqfeln, pt. 1. Berl. 1812. See Fischer's Zoogtuma, vol. i. Mos. 1813. Qn. 
the uranoteoptu seaber (ttar-gazer), Meyer has represented the skeletons of twenty- 
five firesh-water fishes in the two first volumes of his book, which has been fre- 
quently quoted. That of the carp may be seen in Duhamel, TraitS des PSchA, (% 
part of the great work, entitled Description des Arts and M^ers,) pi. 2, sect. 1, tab. Sr 

t There are some excellent remarks on the skeleton of fishes in general, by Prof., 
Antenrieth, in V^iedemann's Archives, vol. i* p* 2 ; and by Kosenthal, in Beil's and 
Autenrieth's Archiv,fur die Physiol, vol. z. 

On the skeletons of particular orders of fishes, see Vicq d'Azyr, in the 7th vol. of 
the Mimaires presenth ct VAcad. des Sciences, It is translated into German, with re- 
marks and additions by Professor Schneider, in his &uiimliif^ von Anatomisdien 
AtfsQtun, und Bemerkungen lur Auflddrung der FiscKhmde, Leipzig, 1795, 8vb. 
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Their jaws, which are distinct from the craniunii form a move- 
able party capable of being thrust forwards from the mouth, 
aad again retracted. 

( 78. Those fishes which possess teeth, differ very much in 
the form, number, and position of these organs. Some species 
of bream (as the sparvs probato-cephahts) have front teeth 
ahnost like those of man :* they are provided with fangs, 
which are contained in alveoli. In many genera of fishes the 
teeth are formed by processes of the jaw-bones covered with a 
crust of enamel. In most of the sharks, the mouth is furnished 
with very numerous teeth for the supply of such as may be 
lost The white shark has more than two hundred, lying on 
each other in rows, almost like the leaves of an artichoke. 
Those only, which form the front row, have a perpendicular 
direction, and are completely uncovered. Those of the sub- 
sequent rows are, on the contrary, smaller, have their points 
turned backwards, and are covered with a kind of gum. These 
come through the covering substance, and pass forward when 
any teeth of the front row are lost.*!* It will be understood from 
this description that the teeth in question cannot have any 
fimgs. 

The saw-fish only (squalus pristis) has teeth implanted in 
the bone on both sides of the sword-shaped organ with which 
its head is armed. 

In some fishes the palate, in others the bone of the tongue 
(as in the Jrog'Jlsh), in others (as in several of the ray-kind) 
the aperture of the mouth forms a continuous surface of tooth. 
One of the most surprising formations about the mouth occurs 
in a West Indian species of skate {raia flagellum) : it is de- 
scribed and delineated by Sloane,j: as the tongue of the ani- 
mal. The specimen, which I possess, consists of a flat bone, 
about five inches long, two broad, and of the thickness of the 



* Aiigustin Scilla De Corporibus MarinU lapidescentibtis. Borne, 1759, 4to. 
tab. 2. 

t See Herissant in the MSm, dt I'Acad* desSc.de Paris, 1749, p. 155. And W. 
Andre, in the Philos, Trans, vol. Ixxiv. p. 274. 

^ Philos, Trans, rol. xix. p. 674. 
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thumb. It is composed of 16 curved porticms, comiected to- 
gether likewise ; and each of these arches is covered above 
with GO small teeth, which lie close together. 

Many fishes have simple teeth of a bonif subiiance, covered by tna- 
melf and probably formed as in the mammalia. These are the most 
eonunony and may be seen in the pike. When the crown has com- 
pletely appeared, the root becomes anchylosed to the jaw. 

In other cases they adhere to the gum only, or at least to a firm 
cartilaginous substance which covers the jaw. This is exemplified 
in the shark. These teeth seem not to be formed, as those of the 
mammalia are, by the deposition of successive layers one within the 
otheir^; but in a manner more nearly resembling the formation of 
bone. They are at first soft and cartilaginous, and pass by succes- 
sive .gradations into a state of hardness and density not inferior to 
that of ivory. 

A third kind of teeth consists of an assemblage of tubes, covered 
externally by enamel, and connected to the jaw by a softer substance^ 
which probably sends processes or vessels into tkose bony tubes. 
This is the case with the pavement, as we may call it, of teeth, that 
covers the jaws of the skate, 

' A similar structure is observed in the anarrichas lupus; where the 
teeth, composed of bony tubes, are connected to spongy eminences 
of the jaws, which may be compared to epiphyses ; and on their se- 
paration leave a surface like that from which the antler of the deer 
falls off. 

- Besides the two jaws, fishes have teeth implanted in the bones of 
the pfd^te ; in that which corresponds to the vomer ; in the os hy« 
oides ; in tlie bones which support the branchiae ; and in those which 
are placed at the top of the pharynx. The salmon and pike have 
them in all these situations. 

§ 79. In the long-shaped fishes with short fins, the spine 
consists of a proportionally greater number of vertebrse ; of 
which the eel, for instance, has more than 100, and some 
sharks even more than SOO. The main piece, or body, as it b 
called, of these vertebrae, is of a cylindrk:al figure, with a fun- 
nel-shaped depression on both surfaces, and concentric rings, 
which are said to vary in number according to the age of the 
animal. The spinal marrow passes above these, in a canal 
formed at the roots of the spinous processes. 

The ribs are articulated with what are called the dorsal ver- 
tebrae in most of the spinous fishes; but in some they are 
without this connexion, and in the cartilaginous fishes proper 
ribs cannot be said to exist* 
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§ 80. Of the peculiar bones which lerfe as a basis tot die 
fins, that of the pectoral fin may be compared to die scapnh, 
and that of the abdominal in some measure to the os imio- 



I possess a specimen of the singular bone,* relating to this 
suljject, which for a long time has been considered a lerj 
obscure one. It is thick, of a roundish flat fi>rm, and Dearly le* 
semUing a smooth chestnut in shape and siae. Itfinnna on ens 
side a bony point ; and on the other is articulated, by means of 
a Tcry remarkable ^glymus, with two small bones of dUKrail 
magnitude, and resembling the point of an arrow. It behMV 
most probably to an East Indian ehaiodom (probafalj to Ibe 
ekaiodan arikrUicus of Schneider); the larger piece bein^ Ae 
basis of the back fin, and the smaller constituting the first n^ 
dii of that fin.t 

^ 81. Lastly, many fishes are furnished irith merely mnsoii- 
lar bones {assieula nmseularum of Artedi) which are 80QietiB|SS 
Ufiurcated, are always situated among the muscles^ and bufS^ 
tate their motion. 



« It hu been represented in the Muteum Wcrmmnum, in the MvMmm Rigkm ef 
Jftoobensy and in Olemrins, Gctto^. KmuOcammir. « 

t See W. Bell's Deteription of a Cfuctodtm, ealUd by the Malayt, Eean Bmma, ii 
the PhUot. Trant. 1793. 
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CHAPTER VI. 

OH THE (ESOPHAGUS AND STOMACH. 

I 92. After the comparative view which we have now taken 
of die skeleton, as influencing the general form of the red- 
blooded animals, we proceed to consider the other parts of the 
animal structure, and their functions, according to the natural 
order and series of those functions. The particular classes 6f 
animals will be considered in the subdivision of each chapter, 
according to the arrangement most usually followed in teach- 
bg zoology. 

^ 83. The natural functions^ as they are called, which in- 
dude, in their most extensive sense, the whole process of nu** 
trition, very properly take the lead on this occasion. In the 
first place, they exist in all classes of animals without excep- 
tion, though under various modifications; they are indeed 
common to plants and animals : secondly, the peculiar mode 
in which they are performed constitutes the most distinguish- 
ing character of animals. For they seek their food by volun- 
tary motion, and convey it into the stomach through a mouth* 
Partial exceptions to this general rule may be drawn, Is^ 
from those animals in which no mouth has hitherto been dis- 
covered; for instance, some animalcula infusoria^ and in a 
Certain sense some medusa, which, instead of possessing a sim- 
ple opening, take in their nourishment through many apertures; 
secondly, from those, in which no manifest voluntary motion 
ha5 been hitherto observed, as in several real hydatids. Phy- 
siologists have gone further, and have declared certain organ- 
ised bodies, in which neither of the above-mentioned charac- 
ters, neither a mouth nor voluntary motion, could be discover^^ 
ed, to be animals. Such, for example, are the dropsical bid- 
ders occasionally found in the abdomen of persons who have 
laboured under ascites, (rarely in any animal except man,) 
in vast numbers, and of various sizes, from that of a goose's 
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eggy to t!lie bead of the tmallest needle. I hate examined t 
great number of thesei which were found in a dropiical dl 
man, whose disease and dissohition are related by Richier, in 
Loder*s SurgiealJoumal, voL iii. p. 415. Theae diflEer in 
their whole structurei and particulariy in the femmtion of their 
membranes, much more from the true kydaiidi than from acme 
simple morbid watery cysts, which are met with not u n fteyieiijC^ 
in warm-blooded animals, and consist so indisputably of « move 
unnatural formation of vessels and membranes, that no penoa 
could think of ascribing to them an independent animal esast- 
ence. I have now before me similar cysts from a hen, tfaiie fau^ 
gest of which (about the size of a small hen's eggX like these 
of the above-mentioned patient, were quite .unattached; thd 
rest appeared, on the first examination, from their connezioB 
with the ovarium, to be nothing else but eaUees, conlainiDg 
from a morbid cause, lymph instead of yolk. • * 

I have, however, lately dissected a nmia cymMnoijjfM, 
whose lungs, liver, and omentum were beset with an abundanoe 
of watery cysts of various siaes. The fluid of these isyata con- 
tained an innumerable quantity of microscopical bodies, vrfiich 
were found, by the employment of strong magnifying powers 
to be hydatids, with a well-formed circle of hooks and mouth, 
and consequently must be considered as true independent ani- 
mab. 

MAMMALIA. 

^ 84. We have already shewn, in the second chapter, the 
most important circumstances relating to the mouth. Many 
species of the genus simia, as well as the hamster, (marmata 
cricetus) and some similar species of the marmot, are provided 
with cheek-pouches, in which the former, who live on trees, 
place small quantities of food as a reserve : the latter employ 
these bags to convey their winter provision to their bur- 
rows.* 

I 1 — ■ ■ ■ ' » 1 ' 

* An accurate description and delineation of these bags may be found in Sulier'i 
Vertueh der Naturgetchiekte det Hamsters, pp. 41, 58, tab. 3, fig. 1 : one of th« 
most muterly zoological and zootomical monographs that has ever been published. 
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A clieek-pouch exists also in tke omiih&rhynchus paradoxus. VinL 
Trans. 1800, part 1, tab. 2, fig. 2. 

The salivary glands of the mammalia exhibit very few Tariations in 
stmcture. Tliey are small in the camivora^ as mastication, properly 
so call^, can hardly be said to take place in them. On the contrary, 
the rumimjauia and solipeda have them very large. The size of the 
sub-maxillary ffland, in particular, is remarkable in the eow and 
^ep : it extends along the side of the larynx* quite to the back of 
the pharynx. 

^e parotid and sublingual glands do not exist in the amphibious 
mammaiia^ as the seal : the teeth of that animal are only adapted for 
seizing their prey, and must be utterly incapable of mastication. The 
same remark may be made on the cetacea, where the salivary system 
seems to be altogether deficient. 

The mucous glands, which constitute the labiaUs and buccaUs of 
man, are larger and more distinct in some animals. There is a row 
of these opposite to the molar .teeth of the cfog and ca^, penetrating the 
membrane of the mOuth by several small openings. There is also a 
considerable gland in the dog, under the zygoma, and covered by the 
masseter. Its duct, equal in size to that of the parotid, or sub- max* 
illary glands, opens at the posterior extremity of the alveolar margin 
of the upper jaw. The molar glands and their openings are very 
conspicuous in the pig. The cow and sheep have an assemblage of 
similar glands in the zygomatic fossa : their excretory ducts open be 7 
hmd the last superior molar tooth. 

§ 85, The peculiar glandular and moveable bag, ( bursa fau* 
ciumj which is placed behind the palate, has hitherto been 
(mly observed in the camels of the old world : and it pro- 
bably serves to lubricate the throat of these animals in their 
abode in the dry sandy desarts which they inhabit.* 

No mammalia possess an uvula, except man and the simia:. As the 
cetacea possess no nostrils, they have not of course any velum pa- 
lati. * 

The parts about the pharynx in the cetacea exhibit a very singular 
stracture. The larynx is elongated, so as to form a pyramidal pro- 
jection, on the apex of which its opening is found. The pro- 
jection of thud part will divide the pharynx; and the food must 
pass on either side of the pyramid. A muscular canal extends front 
the pharynx to the blowing holes, and is attached to the margin of 
those apertures. The circular fibres of this tube form a sphincter 
muscle ; which, by contracting round the pyramid, cuts off the com- 
munication between the blowing holes and the mouth and pharynx. . 

* See Home's Ltfe of J. Hunter j, prefixed to the posthumous work of the latter, 
OQ the hUfod, inflammation, &c. p. 41. 

G 
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% 86. The oesophagus of quadrapeds is distinguiahed from 
that of the human subject by possessing two rows of mus- 
cular fibres, which pursue a spiral course and decussate each 
other. In those carnivorous animals which swallow Toraci- 
ously, as the u>olf, it is very large ; on the contrary, in many 
of the larger herbivoray and particularly in such as ruminate, 
its coats are proportionally stronger,* 

The opening of the oesophagus into the stomach is marked 
by some differences, both with regard to its size, and to. the 
mode of termination. We understand, from observing these 
points, why some animals, as the dog^ vomit very easily, while 
others, as the horse^ are scarcely susceptible of this process,t 
except in extremely rare instances. 

It seems extraordinary, on the first consideration, that the 
ruminating animals, in whom the passage of the food firom the 
first stomach into the oesophagus is very easy, should not be 
excited to vomit without such difficulty. 

I possess a hair-ball which was discharged by vomiting firom 
the stomach of a cow, which laboured under an aflfection of 
the digestive powers. The substance in question was dis- 
charged with violence, after the employment of some white 
hellebore placed under the integuments of the breast!|: 

§ 87. The form, structure, and functions of the stomach, 
are subject to great variety in this class of animals.^ In most 
carnivorous quadrupeds, || particularly those of a rapacious na- 
ture, it bears a considerable resemblance, on the whole, to that 
of the human subject ; its form, however, differs in some cases, 
as in the seal, {phoca vituUna) where the oesophagus enters 



* Grew may be consulted respecting the oesophagus, as well as the whole ali- 
mentary canal of several animals of the different classes. See his Muteum Regoixt 
Societatis. 

f See Professor Nebel De Nosologia Brutorum cum Hominum Morbis comparata, 
Giess. 1798. 

X A more detailed account will be found in Voigt's MagQzin fur den Neumten 
Zuttand der Naturhunde, vol. ii. p. 637. 

$ See Neergard's Vergleichende Atiatomie der Verdauungiwerhmige der Smigeikim 
und Vogel, Berl. 1806 ; and Sir £• Home's Lectures <m comparative Anatomy, 

D H. C. Schroeder De Digestione Animalium Camivoronm» Goett. 1765, 4to. 
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directly' at the left extremity, so that there is no blind sac 
formed in the stomach. In some animals, as in the lion, bear^ 
ftc*, it is divided by a slight contraction in its middle, into 
t«ro portions. Its coats, particularly the muscular one, are 
fery strong in the camivora. We must not, however, trust 
implidtly to Roederer, when he says that " the bear has two 
stomachs, the first and largest of which is formed like that of 
a-camivorous animal, the second and smaller like that of birds 
Hrfaich feed on hard seeds.^ 

The truly carnivorous stomach, as well as the human, which in its 
Afucture is closely allied to it, is according to Sir £. Home, capable 
of dividing its cavity into two distinct portions by a transverse con- 
tiraction of its coats, in which state the cardiac portion is, in length, 
t^ thirds of the whole, but, in capacity, much greater, and in se- 
veral instances, where the opportunity was afforded of examining the 
a immediately afler death, the stomach has been found in this form 
in the human body and other animals. This appearance corres- 
ponds with the permanent form of the stomach of many odier animals* 
It is not frequendy met with, the fibres of the stomach being readily 
relaxed very soon afler death by the motion of the liquid commonly 
retained in its cavity, and the air which is let loose ; so that sucn 
cotitraction is only to be expected where opportunities occur of a 
very early inspection of the stomach after death. But this appear- 
ance in the stomachs of women has been attributed by Soemmering 
to the efiect of the pressure occasioned by the central bone of their 
Stays. 

- § 88. In some herbivora the stomach has an uniform ap- 
pearance externally ; but it is divided into two portions inter* 
Daily, either by a remarkable diiference in the two halves of 
its internal coat,* as in the horse, or by a valvular elongation 
of this membrane, as in several animals of the mouse kind, 
tliis is also the case in the hare and rabbit, where also the 
fi>od in the two halves of the stomach differs very much in ap- 



' * On dM whole intemal surface of the horse's stomach there are fonad, in vast 
ilraiidance, particularly in spring, the larvs of two species of oestrus, viz. the 
ilNwii ijiii"(TFhirh linneus called oMna Aovts), '^d the tesims hanwrrhoidalit, the 
ttae history of which has been elucidated, for the first time in modem days, by that 
aeeBait Yeterinary surgeon, Mr. Bracy Clark, in the Transactions of the lAnMUtn So- 
ciety, ToU UL Figures of the (Otna equi and its larve are given in my Abinldungen 
Natwkktvf. Gtgentliinde, Ub. 47, fig. 3, 4, 6. 

G 2 
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pearance, particularly if the animal has been fed about two' 
hours before death. 

In the animaTs alluded to in this paragraph the left half of the sto- 
mach i» covered with cuticle, while the other portion has the vomit 
villous and secretinff surface. The cuticular covering forma a more 
or less prominent ridge at its termination. The left portion of the 
cavity may be regarded as a reservoir, from which the food is trans- 
mitted to the true digestive organ ; and the different states in which 
the food is found in the two parts of the cavity jwstify the supposi- 
tion. Hence these stomachs form a connecting link between those 
of ruminating animals on one side, and such as have the whole sor- 
iace villous on the other. 

The larvae of the asttus equi (the large horse-hot) attach themselves 
to every part of the stomach, but are in general most numerous about 
the pylorus, and are sometimes, but much less frequently, found in 
the mtestines. They hang, most commonly, in clusters, being fixed 
by the small end to the inner membrane of^^ the stomach, where they 
adhere by means of two small hooks, or tentacula. When removed 
from the stomach they will attach themselves to any loose membrane, 
and even to the skin of the hand ; for this purpose they draw back 
their hooks almost entirely within the skin, tiU the two points of these 
hooks come close to each other ; they then present them to the mem- 
brane, and keeping them parallel till it is pierced through, they ex- 
pand them in a lateral direction, and afterwards, by bringing the 
points downwards, or towards themselves,, they include a sufficient 
piece of the membrane with each hook, and thus remain firmly fixed, 
for any length of time, without any further exertion of the animal* 
They attain their full growth about the latter end of May, and 
are coming from the horse from this time to the latter end of June. 
On dropping to the ground they soon change to the chrj/salis, and in 
six or seven weeks the fly appears. This bot is larger and whiter 
than that of the osstrvs hamorrhoidalis, which has a reddish cast, but 
in its structure, and situation in the animal, resembles the former. 
It is found, however, to hang about the rectum previously to quitting 
it, which the large horse-bot never does. 

Veterinary practitioners do not seem to have decided hitherto, 
whether these animals are prejudicial to the horse, nor even whether 
they may not be actually beneficial. Their almost universal exist- 
ence, at a certain season, even in animals perfectly healthy, shews 
that they produce no marked ill effect ; yet the holes which they 
leave, where they were attached to the stomach, could hardly be 
made without causing some injurious irritation. 

For the mode in which these bots get into the stomach, as also for 
a most interesting general account of their history and structure, see 
Rees's Cyclopadia, art. Bots, which was furnished by Mr. Clarke, 
and from which the preceding account is borrowed. 

^ 89. In some other mammalia^ particularly the herbivorous 
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ones, tibis organ consists of two or more portions manifestfy 
distinct externally^ and forming as many stomachs. There 
are two. of these in the hamsteti* three in the iangarooi^ and 
ktjOfUiX f<>^^ ^" ^^ sloths.^ 

The carnivorous ceiuoea have also a complicated stomach, 
<sO!nsisting in some species of three, in others of four, and even 
of five subdivisions, jl 

' § 90. The most complicated and iEurtificial ammgement, both 
widi respect to structure and mechanism, is found in the well 
known four stoiiiachs of the ruminating animals with divided 
Jieofs ; of this we shall take as examples, the cmo and sheep^ 
The first stomach, or paunch, i^rumeny penuJa^ magnusvef^ 
ier, ktgluvies ; Fr. ie double, therbier, la panse) is by fiir the 
largest in the adult animal; not so^ however, in the recently 
born calf or lamb. It is divided externally into two saccular 



* Xliis !« excellently described by Siilzer, in his work abore quoted. 

f Voyage k la ReekerekB de la Petoute, torn. i. p. 134. Cuvier, Ltfom d'AnaUmie 
fiompttrie, torn. ▼• tab. 37 ; and Sir £. Home's Lectures on comparative Anatomy, voL 
i, 4to. p. 155. 

X Tyson in the Philoi» Tram. vol. xiii. p. 364. 

$ Daubeniton, ^oU xiu. p. 64 and 63 ; and Wiedemann's Archive, yoL i. 

1 Tyioifs AwHbomy of a Porpoise. London, 1680, 4to. Hunter in Schneider'j 
Beytriigen iur Naturgesehiete der Walljishhartett, 1 th. p. 51. Cuvier, Lefons d'jbuif, 
eomp» tab. 38, fig. ^ ; and Home, in the Phil. Trans, for 1807, p. 93. 

% From the multitude of writers who have treated on the stomach of ruminating 
aflimak and ats fonctions, I refer to ^e following only, on account of the plates 
wUch they have given, particularly such as exhibit the vast increase of size in the 
iilBt stomach compared with the fourth, in the early periods of life. 

Obeerv. Anat. Collegii privati Amstelodamensis, pi. 1, p. 12. 

Penault, Essais de Physique, yo\. iii. p. 211. 

J. C. Peyer, Merycologia. Basil. I6861, 4to. 

J* J* Harderi Apiarium, ib. 1687« 4to. p. 16. 
. Danbenton, tom. iv. tab. 15 — 18. 

P. Camper, Lessen over de thans Zweevende ViestertefU, Leeuward, 1769. 

H. Vink, Lessen over de Herhmwing der Runderen, Rotterd. 1770. 

J. Burgogne, in the Mim. de VAcad. de Turin, Sc. P.hys» torn. iv. pp* 1 and 309, 
1809. 

G.\Malacame, in the Memorie di Fis. della Soe. ItaliatM, tom. xvii. 1815* 

Russel's Natural History of Aleppo, vol. ii. p. 425, 1794. 
*. To which maybe added Sir £• Home's observations on the camel's stomach; 
whidi are illuitrited by two excellent views of the cow's stomach' by Mr. Clift, be- 
sides thos» of thecameU' Philos. Trans, 1806, pi 15, 1^ 
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appradices at its extremityi and it is slighdy separated inft) 
four parts on the inside. Its internal coat is beset with iimil- 
merable flattened papillae. It is generally in this first stomach, 
seldom in the second, that morbid concretions are fonnedi of 
a globular, or elongated, but yet rounded "figure. They are 
composed of three kinds of substances : yiz., of hairs, of fiie 
undigested fibrous parts of plants, or of ^tony matters. 

The hair-balb, particularly in the cow, are formed of khe 
animal's own hair, which is licked ofi^ and gradually aocmntf- 
lated in the stomach. These either retain a hairy appearance 
externally, or they are covered with a dark polished substance^ 
similar to that which accumulates round their mdat teedi. 
(See § 24.) 

The balls of the chamois, (€BgagropUai) consisting of vege- 
table matters, particularly of the macerated fibres of the tBiim' 
sa meum, are found in the animals from which they derive 
their name, and are generally of a fine spongy texture, covered 
externally with a smooth black coat. 

Of the stony concretions which constitute the bezoars, thi 
oriental ones are derived from the wild goctts; the western 
come from the South American species of camel. The latter 
are of a yellow-grey colour ; the former of a greenish-blade, 
with concentrical strata, and generally containing for a nucleus 
a small bit of rice-straw. 

In a large oriental bezoar, which I sawed through, the nu* 
cleus consists of a. red-brown, fine but compact spongy sub- 
stance, like that of the vegetable balls. 

The second stomach, honeycomb bag, bonnet, or king^s-'hoqd, 
{reticulum arsineum, ollula ; Fr. le bonnet, le reseau) may be 
regarded as a globular appendage of the paunch ; and is dis- 
tinguished from the latter part by the elegant arrangement of 
its internal coat, which forms polygonal and acute-angled cells, 
or superficial cavities. 

The third stomach, which is the smallest, is called the ww- 
nypluSy which is a corruption of manyplies {echinus, conclave, 
centipellio, omasum; Fr. lefeuiUet, le pseautier) ; it is distin- 
guished from the two former, both by its form, which has been 
compared to that of a hedge-hog when rolled up, and by its 
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inienial stmetare* Its cavity is much contracted by numerous 
and broad dupficatures of the internal coat, which fie lengths 
wise, vary in breadth in a regular alternate order, and amount 
-Id about forty in the sheep, and one hundred in the cow. 

The fourth, or the r^d, {abomasumt faUscus, venirieulus jn- 
tesiinaUs ; Ft. la caittetie) is next in uze to the paunch, of an 
elongated pjrriform shape, with an internal villous coat like 
Aaf of the human stomach, with large lon^tudinal folds. 

^ 91^ The three first stomachs are connected with each 
othet, and with a groove-like continuation of the oesophagus, 
ki a very remarkable way. The latter tube enters just where 
die three first stomachs approach each other ; it is then con- 
tinued with the groove, which ends in the third stomach. 
Tiiis groove is therefore open to the first stomachs, which lie 
to its right and left. But the thick prominent lips, which 
form the margin of the groove, admit of being drawn together 
so as to form a complete canal, which then constitutes a direct 
ei^tmiation of the oesophagus into the third stomach. 

§ 9^ The functions of this very singular part will vary, 
according as we consider it in the state of a groove, or of a 
closed canal. In the first case, the grass, &c. is passed, after a 
very slight degree of mastication, into the paunch, as into a 
reservoir. Thence it goes in small portions into the second 
stomach, from which, after a further maceration, it is pro- 
pelled, by a kind of antiperistaltic motion, into the oesopha- 
gus, and thus returns into the mouth. It is here ruminated, 
and again swallowed, when the groove is shut, and the morsel 
of food, after this second mastication, is thereby conducted 
directly into the third stomach.* During the short time 
which it probably stays in this situation between the folds of 
die internal coat, it is still further prepared for digestion, 
which process is completed in the fourth, or true digestive 
stomach. 
The process of rumination supposes a power of voluntary 



* These fieicts were undentood by Severino, who sskys, in his instructiye ZoaUmia 
DemoeriUa, " A penula et ollula media revomitur ad ot, hinc ruminatam ad con- 
clave deaoendit, ethinc pottiemo ad ventriculiim proprid dictum." 



,88 ON THE (ESOPHAGUS AND STOMACH. 

motion in the oesophagus ; and indeed die influence of tbe 
will throughout the whole process is incontestable. It is not 
confined to any particular time, since tile animal can delay it 
according to circumstances, when the paunch is quite fulL It 
has been expressly stated of some men who have had tte 
power of ruminating, (instances of which are not very rare,) 
that it was quite voluntary with them. I have known foor 
men who ruminated their vegetable food: they assured ine 
that they had a real enjoyment in doing this, which has also 
been observed of others : and two of them had the power of 
doing or abstaining from it at their pleasure. I have already, 
on another occasion, observed that the final purpose of rumi- 
nation, as applicable to all the animals in which it takes places 
and the chief utility of this wonderfully complicated function 
in the animal economy, are still completely unknown ; what 
has been already suggested on these points is quite unsatis* 
factory. 

Fabricius ab Aquapendente has sufficiently refuted thf 
visionary notion of Aristotle and Galen, namely, that runjination 
supplies the place of incisor teeth, the materials of which are 
applied, in these animals^ to the formation of horns. Perrault 
and others supposed that it contributed to the security of 
these animals, which are at once voracious and timid, by shew- 
ing the necessity of their remaining long employed in chewing 
in an open pasture. But the Indian buffalo ruminates, al- 
though it does not fly even from a lion, but rather attacks, and 
often vanquishes that animal; and the wild goat dwells in 
Alpine countries, which are inaccessible to beasts of prey. 

The food of carnivorous animals approaching in its constituent 
elements more nearly to those of the animal than that of the herbi- 
vorous tribes, is more easily reduced into the state which is required 
for the nourishment of the body in the former than in the latter case. 
Hence arises a leading distinction between the stomachs of these 
classes. In the latter animals, the oesophagus opens considerably to 
the right of the great extremity, so as to leave a large cul de sac on 
the left side of the stomach ; and the small intestine commences near 
the cardia, leaving a similar blind bag on the right. The food must 
be detained for a long time in such a stomach, as the passage from 
the oesophagus to the pylorus is indirect and highly unfavourable to 
speedy transmission. Animals of the mouse kind and the rodentia 
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«hew this, structure very well ; it is very remarkable in the mui guet' 
£mui, (Cuvier, Legons d' Anatomic comparee, torn. v. pi. 36, fiff. II). 
,In'the camivora, the stomach, which is o£ a cylindrical form, has no 
ad de sac; the oesophagus opens at its anterior extremity, and the 
mtestipe commences from the posterior ; so that every thing favours 
a quick, passage of the food. Animals of the toeaul kind, which are 
strictly carnivorous, exhibit this structure the most completely. The 
^eo/.and the lion also exemplify it. (Cuvier, pi. 36, fig. 7.) 

§ 93. There are still two peculiarities in the stomachs of 
some mammalia, which must be mentioned here, before we 
proceed to consider that of birds. 

In the opossum^ the two openings of the stomach are placed 
as near^ or even nearer together than in many birds, contrary 
to the usual rule in this class of animals. 
* There is a peculiar glandular body at the upper orifice of 
the beaver's stomach, about the size of a shillings fiill of cavi* 
ties that secrete mucus. It resembles, on the whole, the 
bulbus glandulosus of birds^ and assists in the digestion and 
animalization of the dry food which this curious animal takes, 
consisting chiefly of the bark and chips of trees, &c. 

The stomach of the pangolin {manis peniadacitfla) is almost 
as thick and muscular as that of the gallinaceous fowls, and 
contains, like that of granivorous birds, small stones and gra- 
vel, which are probably swallowed, for the same purpose, as 
in the case of those birds : that is to say, they are not swal- 
lowed, as Burt* supposed, to afford nourishment; but in 
order to kill and bruise the insects, &c» which form the ordi- 
nary food of the animal, and which might otherwise, by means 
of their vitality, resist the chemical action of the gastric juice ; 
as the intestinal worms and water-newts^ which have been 
swaUowed, do in man and other mammalia. 

According to Cuvier, there is a gland, as large as the head of a 
man, situated between the coats of the stomach in the manati (tri" 
phechus manatus borealis). It is placed near the oesophagus, and dis* 
jcharges, on pressure, a fluid like that of the pancreas by numerous 
smaU openings. 

Legons d^Anat, comp, torn. iii. p. 401 . 

Sir £. Home is of opinion that a glandular structure exists in the 

* Amtie Bmarchit, vpl. ii. 
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jori Mr. Mactrtney hai diieorared an trnngeaaBt W^^inAdii* 1^ 

diet in die ioTMoifir, YODnd llie cBiopham jo^ 

■hnihr in riiaatiop and a ppw aa pcife to m gMfric ghni^offcit^ ' • 

The ttomadi of die amkkorkfnehm kjftSix is evwni Trifliiiart«li1 
and poMw a ea abam homypapiIbB near die pjUmm ' iW'aiil^hd 
awallowa ian^t wmdi may probably aariat ki die redactianiof Ait 
Ibod, aa die mrA dbca nKch is KwaBow^by dm gdiMawH 
fairda.' Sir E. llomei in die JPfti^ TVaiii. 189S» p. S. 

The peeqiiar straetare of die stomachs of the Jumgoroo, . cwiMt imd 
lasMf wfaidi is scaredy noticed in die text» deserres a ^tftiiled ^is- 
mination. Tlie stomach of the kw/fgrn-oo diffirs in' many partMhss 
ikom 'diat of any other known anmial» and bears a greater Masm*^ 
blanee to the human coecum and colon than to any stomachs The 
ffwophagqa enters die stomach rery near its left' estmn&yi^ ^lB4i 
onliKe die correspondii^ part ki other anhniilsi' is retf asaall llH 
bifida From the eiitranoe of the ceaophagus die cavity eziliaBA^tiH 
wards^the right side ef die body, dien passes upwardsi makaa a, tarn 
upon iUelC crosses over to. the left side before die OBS(q;iliagoa^.ied 
s^jaitt erostes the abdomen towards die riabt^ makiifg a osnplMi 
andle robad t&e portion into which the tetfo{£agus etttars» ioA'teliMp' 
nates by a contracted orifice at die pylorus. - 

Its cavity gradually enlarges from the left extremis ditoiuA jls 

whnU ennrm^^ till it »jmmmt>\%M tiM> pylrnnia ; tt fhtm <witM#*a^|^jJB||tBg 

again' into a roinded cavity widi two latenl psooeaaeB? bsyosMl' dns 
is- the pylorus, the orifice of which is very smalL On die anlsrior 

and postenor side of the stomach there is a longitudinal band, sitnSar 
to diose of the human colon, beginning fiundy at the left t^nninatiic»i 
and extending as far as the enlargement near the pylorus; thisM 
bands being shorter than the coats of the stomach, the latter are 
consequendy puckered, forming sacculi, as in the human colon. 

When the cavity of the stomach is laid open, the cuticular lining 
of the oesophagus is found to be continued over the portion imme- 
diiitdy below it, and extends to the termination of die smallest pro- 
cess at the left extremity, and nearly to the same distance in the 
opposite direction ; the cuticular covering is very thin, and extremdy 
smooth. 

The lining of the larger process at the left extremity is thick and 
fflandular, and in the- living body probably receives no part of the 
mod, but is to be considered as a glandular appendage. 

On the right of the oesophagus die cuticle does not end by a trans* 
verse line, but terminates first upon the middle of the great curva- 
ture, where a villous surface begins by a point, and gradually 
increases in breadth till it extends all round the cavity ; its origin, 
therefore, is in the form of an acute angle. The villous surfiure is 
continued over the remaining cavity as far as die longitudinal bands 
extend^ and that half of it next the pylorus has three rows of dusters 
of glands : one row is ^situated along die great curvature, and con- 
sists of fifteen in number ; the other two rows are close to the two 
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Ibngitudiiial bands^ and consist only of nine. Besides diese there 
are two large clusters of an oblong form, situated transversely, where 
the longitudhial bands terminate. The internal surface of the rounded 
canty next the pylorus has a different structure, putting on a tess^- 
hted appearance, formed by a corrugated state of the membrane. 
Immediately beyond the pylorus is a ring of a glandular structure 
surrounding the inner surface of the duodenum. 

The stomach of the kangaroOf in the peculiarities of its structure, 
fanam an intermediate link between the stomachs of animals which 
occasionally ruminate ; those which have a cuticular reservoir ; and 
those with processes or pouches at their cardiac extremity, the mter- 
aal membrane of which is more or less glandular. The kangaroo is 
found to ruminate when fed on hard food. This was observed by 
Sir J^eph Banks, who had several of these animals in his possession, 
and fr^uently amused himself in observing their habits. It is not, 
however, their constant practice, since those kept in Exeter Change 
Va?e pot been detected intbat act. This occasional rumination con- 
nects the kangaroo with the ruminant. The stomach having a 
portion of its Surface covered by cuticle, renders it similar to those 
with cuticular reservoirs; and the small process from the cardia 
gives it the third distinctive character ; indeed it is so small, that it 
would appear as if it were placed there for no other purpose. 

The kanga9Y}o'^s stomach is occasionally divided into a greater 
BUHibei of portions than any other, since every part of it, like a por* 
lion of intestine, can be contracted separately ; and when its length 
and the thinness of its coats are considered, this action becomes 
neoflssary to propel the food from one extremity to the other. 

Such a structure of stomach makes regurgitation of its contents 
iato the mouth very easily performed. The food in the stomach 
goes through sevend preparatory processes ; it is macerated in the 
GVtiouUur portions^ - it has the secretion from the pouch in the cardia 
fluxed with it, and is occasionally ruminated. Thus prepared, it is 
aeled on by the secretion of the gastric glands, which probably are 
those met with in clusters in the course of the longitudinal bands, 
and afterwards converted by the secretions near the pylorus into 
ehyle. — See Sir E. Home's Lecturer on comparative Anatomy , vol. i. 
p. 166, 4to. edit, to which work we are also indebted for the follow- 
mg excellent account of the structure of the stomach of the camel. 
The structure of this part in the /ama, according to the account 
winch Cuvier has given of -it in the examination of a foetus, {Ugons 
ifAfmi. comparSe, torn. iii. p. 397,) does not differ essentially from 
diat of the camel. 

Opportunities of examining the camel rarely occur in this coun-^ 
try* One of these, however^ was met with thirty years ago, and the 
kite Mr. Hunter availed himself of it, and made several preparations 
to iUilstrate the difierent parts of its structure, which are how in the 
collection at the College of Surgeons. As the stomach w»i blown 
up, aisd {Hreserved in a dry state, many peculiarities were left unex- 
an^ned, particularly those respecting the power which the animal 



km ct curjiagm pronwdn of wit« t mmKpglf nftm iiiiMftii% 4m 



jfif inva^tjgatinf tUi fidMectf Md ill Ao 

fOfftwiiqr ptniinltil itpw; aenndiaa 

4lwi0d w tlij» boiid of onniton of tho 

yfair of fflmtijitiBg the oaatoanr of Aat «niiwM> ' .: v^^t. ~r.M 

- - tmStotr 




Jhmtm t k of Compncilm AnMony, Sir B. Bbm msiliiMad 

RaannediepeeiiiiintiMoftlioitoawcl^ and4l»«ik»anp«*iQi 

ivgooc* . . . . :, . . if-i,*. '. 

ho OMMs^ the eolgoetof the 

hnonghl fion Anhiat twentj-eig^ 



.4n«iigr jm in Ei^ihiid, and twdre yeea in the poiMMMO «Uhi 

BKNn 



penon Sram whom the Boeid of CimUin; jwrfiheww if * ln^hfei^ 

he iBlMrioir tain|k: .^iT? 




00 week, of hofdlvtobeabfetostand: itgotvpfiMd^nd^'^ 
ohnoet immedieteiy kneeled down egejn, ^.'?>. 
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It drank regularly oferr eeocmd day iix ffaDona of ^wiM^',apl 
ooeaeionally leven and a halfi but refiiaed to drmk in IhnhHiiiiiirtM 
period. It tf)ok the water by laige moothfidi^ and Atnljj, iiHifiii 
done. The quantity of fiood it daily oonenmed, waa OBO phdb^ 
patsyoneofchafi^andone^thirdofatruaaofhay. • ' . 

In the beginning of February, 1806, it b^gan to shed ita eoaW 
Towards the end of March the wind became extremely oold» smd Ae 
animal suffered so much from it, that it lost its str^igth, ndfuscd' ill 
Ibod, and drank only a small quantity of water at a time. 

In this state it was thought advisable to put an end to ao mlae* 
rable an existence, and it suggested itself to the committee appointed 
for the purposes of this investigation, that if this was done soon after 
the animal had drunk a quantity of water, the real state of the atp- 
mach might be ascertained. 

On the second day of April, by giving the animal hay mixed laA 
a little salt, it was induced to drink, in the course of two honrs,* three 
gallons of water, not having taken any the three preceding days, Cf 
shewn the least disposition to do so. 

.. Three hours after this, its head was fixed to a beam to prevent 
the body from falling to the ground after it was dead ; and In this 
situation it was pithed by Mr. Cline, junior, assisted by Mr. BrodiQ 
andMr.Clift. 

. This operation was performed with a narrow, double-edged po* 
niard passed in between the skull and first vertebra of the neck ; ia 
this way the medulla oblongata was divided, and the animal imme- 
diately deprived of sensibility. 

. In the common mode of pithii^g cattle, the medulla spinalis only is 
cut throughj. and the head remains alivc^ whidi renders it the iwM 
cruel mode of killing animals that could be devised. 



ON THB OSSOPnAGUS AND STOMACH* 93' 

Hie rniimal was kept suspended, that the viscera miffht remain in 
dieir natural state, and in two hours the cavities of the chest and* 
aMomen were laid open. 

The first stomach was the only part of the contents of the ahdo* 
men which appeared in view* The smooth portion of the paunch 
was on the letb side, and on the right towards the chest was a cellidar 
structure, in which it was evident to the feeling that there was air ; 
hut no part of the solid food with which the general cavity was dis- 
tended. On the lower posterior part, towards the pelvis, there was 
another portion made up of cells, larger and more extensive than- 
that which was anterior. On pressing on this part, a fluctuation of 
its contents could he distinctly perceived. A trochar with the canula 
was plunged into the most prominent of the cells, and on withdraw- 
ing It, there passed through the canula twelve ounces of water of a 
yellow colour, hut unmixed with any solid matter. 

This fact having heen ascertained, the first cavity was laid open on 
the left side, at a distance from the cellular structure, and the solid 
contents were all removed. 

While this was doing, some water flowed out of the cells, and some 
out of the second cavity^ hut the greater part was retained. 

That in the second cavity was found nearly pure, while the other 
was muddy, and of a yellow colour, tinged by the solid contents of 
the first cavity. 

On examining the cellular structure, no part of the solid food had 
entered it, nor was there any in the second cavity; those cavities 
having their orifices so constructed as to prevent the solid food from- 
entering even when empty. 

On measuring the capacities of these different reservoirs in the> 
dead body, they were as follows : The anterior cells of the first ca* 
vity were capable of containing one quart of water when poured into 
them. The posterior cells three quarts. One of the largest cells- 
held two ounces and a half, and the cells of the second cavity four 
quarts. This, however, must be considered as much short of what 
diose cavities can contain in the living animal, since there are large 
muscles covering the bottom of the cellular structure, to force out< 
the water, which must have been contracted immediately after death, 
and by that means had diminished the cavities. 

By this examination it was proved^ in the most satisfactory man- 
ner, that the camel, when it drinks, conducts the water in a pure 
state, into the second cavity ; that part of it is retained there, and the 
rest runs over into the cellular structure of the first, acquiring a yel- 
low colour in its course. 

This confirms the account given by M. Buffon, in his examination- 
of the earners stomach, as well as that of travellers, who state that 
when the camel dies in the desert, they open the stomach and take 
out the water which is contained in it to quench their thirst. 

That the second cavity in the camel contained water had been ge- 
nerally asserted, but by what means the water was kept separated 
fix>m the fbod, had never .been explained, nor ha^ any other part 
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been diicovered by which the common offices of a second cavity 
could be performed. On these grounds Mr. Hunter did not fpve 
credit to the assertion, but considered the second cavity of the cawi^ 
to correspond in its use with that of other ruminants, as appears from 
his observations on the subject, stated by Dr. Russel in his history of 
Aleppo. 

The difference of opinion on this subj^t led Sir Everard to exa- 
mine accurately the structure of the stomach of the camel, and of 
those ruminants which have horns ; so as to determine, if possible, 
thepeculiar offices belonging to their different cavities. 

Tne cameVs stomach anteriorly forms one large bag, but when laid 
open, this is found to be divided into two cotnpartments, on its poster 
rior part by a strong ridge, which passes down from the ri^t side of 
the orifice of the oesophagus, in a longitudinal direction. This ridge 
forms one side of a groove that leads to the orifice of the second ca- 
vity, and is continued on beyond that part, becoming one boundtiy 
to the cellular structure met with in that situation. From this ridge, 
eight strong muscular bands go off at right angles, and afterwards 
form curved lines, till they are insensibly lost in the coats of the sto- 
mach. These are at equal distances from each other, and, being in- 
tersected in a regular way by transverse muscular septa, form the 
qells. 

This cellular structure is in the lefl compartment of the first c»- 
yity, and there is another of a more superficial kind on the right, 
placed in exactly the opposite direction, made up of twenty-one 
rows of smaller cells, but entirely unconnected with the great ridge. 

On the lefl side of the termination of the oesophagus, a broad mus- 
cular band has its origin from the coats of the first cavity, and passes 
down in the form of a fold parallel to the great ridge, till it enters the 
orifice of the second, where it takes another direction. It is continued 
along the upper edge of that cavity, and terminates within the orifice 
of a small bag, which may be termed the third cavity. 

This band on one side, and a great ridge on the other, form a canal 
which leads from the oesophagus down to the cellular structure in the 
lower part of the first cavity. 

The orifice of the second cavity, when this muscle is not in action, 
is nearly shut ; it is at right angles to the side of the first. The second 
cavity forms a pendulous bag, in which there are twelve rows of cells, 
formed by as many strong muscular bands, passing in a transverse 
direction, and intersected by weaker muscular bands, so as to form the 
orifices of the cells. Above these cells, between them and the muscle 
which passes along the upper part of this cavity, is a smooth surface 
extending from the orifice of this cavity to the termination in the 
third. 

From this account it is evident, that the second cavity neither re- 
ceives the solid food in the first instance, as in the ruminantia, nor 
does the food afterwards pass into the cavity or cellular stnic- 
ture. 

The food first passes into the first compartment of the first cavity, 
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and that portion of it which lies in the recess, immediately below the 
entrance of the oesophagus, under which the cells are situated, is kept 
moisti and is readily returned into the mouth along the groove form- 
ed for that purpose, by the action of the strong muscle, which sur- 
rounds this part of the stomach, so that the cellular portion of the 
first cavity in the camel performs the same office as the second in the 
ruminants with horns. 

While the camel is drinking, the action of the muscular band opens 
the orifice of the second cavity at the same time that it directs the 
water into it ; and when the cells of that cavity are full, the rest runs 
pffinto the cellular structure of the first cavitv immediately below, 
pnd afterwards into the general cavity. It would appear that camalsi 
when accustomed to go journeys, in which they are kept finr an un* 
usual number of days without water, acquire the power of dilating 
the cells, so as to make them contain a more than ordinary quantity 
as ft supply for their journey ; at least such is the account given by 
those who have been in Egypt. 

When the cud has been chewed, it has to pass along the upper part 
of the second cavity, before it can reach the third. How this is ef- 
fected without its fidling into the cellular portion, could not, from any 
inspection of dried specimens, be ascertained ; but when the recent 
stomach is accurately examined, the mode in which this is managed 
becomes very obvious. 

At the time that the cud is to pass from the mouth, the wmaa^W 
band contracts with so much force, that it not only opens the orifice 
of the second cavity, but acting on the mouth of Uie third, brings it 
forward into the second, by which means the muscular ridges that 
separate the rows of cells are brought close together, so as to exclude 
these cavities firom the canal through which the cud passes. 

It is this beautiful and very curious mechanism which forms the 
peculiar character of the stomach of the camel^ dromedary^ and lama^ 
fitting them to live in the sandy desarts, where the supplies of water 
are very precarious. 

The first and second cavities of the camel, as well as those of the 
rwninantiaf are lined with a cuticle. 

; The third cavity in the camel is so small, that were it not for the 
^tinctness of its orifices, it might be overlooked. It is nearly sphe- 
iricals four inches in diameter, is not like the third of the rumtnon/fia, 
lined with a cuticle, nor has it any septa projecting into it. The cu- 
ticle continued firom the second cavity, terminates immediately within 
the orifice of the third, the surface of which has a faint appearance of 
honey-combed structure ; but this is so slight as to require a dose in- 
rjQpection to ascertain it. 

. This cavity can answer no other purpose in the oeconomy of the 
snimaly than that of retarding the progress of the food, and making it 
pass by small portions into the fourth cavity ; so that the process, 
whatever it is, which the food undergoes in the third cavity of other 
ruminantSi would appear to be wanting in the camel^ and ccmsequently 
not required. 
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The fourth cavity lies to the right of the first, and has for a great 
part of its length the appearance of an intestine ; it then contracts 
partially, and Uie lower portion has a near resemhlance in its shape to 
the human stomach. Its whole length is four feet four inches ; when 
laid open, the internal membrane of the upper portion ia thrown into 
longitudinal narrow folds, which are continued for about three feet of 
its length ; these terminate in a welted appearance ; the ridges aie 
as large as in the bullock, but not so prominent nor so serpentine in 
their course, and for the last nine inches the membrane has a villoui 
appearance, as in the human stomach. Close to the pylorus there is a 
giiuidular substance of a conical form, which projects into the cavity, 
die blunt end of it resting upon the orifice of the pylorus. This is 
similar to what is met with in the bullock, but still more conspi- 
cuous. 

The fourth cavity of the camel corresponds with that of the M- 
lock in all the general characters, and resembles it in most partico- 
lars. It exceeds it in length; but the plicae are so much smaller, 
that the extent of tlie internal surface must be very nearly the sante 
in both. It differs from it in having a contraction in a transverse di- 
rection, immediately below the termination of the plicated part, which 
has led both Daubenton and Cuvier to consider these two portions as 
separate cavities. 

On a comparative view of the stomach of the bullock and camel, it 
appears that in the bullock there are three cavities formed for the {nre- 
paration of the food, and one for digestion. In the camel, there is one 
cavity fitted to answer the purposes of two in the bullock ; a second 
employed as a reservoir for water, having nothing to do with the 
preparation of the food ; a third so small and simple in its structure, 
that it is not easy to ascertain its particular office. It cannot be 
compared to any of the preparatory cavities of the ruminantia, as all 
of them have a cuticular lining, whicli this has not ; we must there- 
fore consider it as a cavity peculiar to ruminants without horns, and 
that the fourth is the cavity in which the process of digestion is car- 
ried on. 

In the stomaclis of ruminating animals, the processes which the 
food undergoes before it is converted into chyle, are more complex 
than in any others. It is cropped from the ground by the fore-teetb, 
then passes into tlie paunch, where it is mixed with the food in that 
cavity ; and it is deserving of remark, that a certain portion is always 
retained there ; for although a bullock is frequently kept without food 
several days before it is killed, the paunch is always found more than 
half full ; and as the motion in that cavity is known to be rotatory, 
by the hair balls found there being all spherical or oval, with the hairs 
laid in the same direction, the contents must be intimately mixed to- 
gether. The food is also acted upon by the secretions belonging to 
the first and second cavities ; for although they are lined with a cu- 
ticle, they have secretions peculiar to them. In the second cavity 
these appear to be conveyed through the papillae, which in the deer 
are conical ; and when examined in a lens, whose focus is half an 
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inch, they are found to have three distinct orifices, arid that part of 
each papilla next the point is semi-transparent. These secretions are 
ascertained hy Dr. Stevens's experiments to have a solvent power in a 

ajjht degree, since vegetable substances contained in tubes were dis- 
ved in the paunch of a sheep.* 

The food thus mixed is returned into the mouth, where it is masti- 
cated by the grinding teeth ; it is then conveyed into the third ca- 
▼ity, in which a gas is emitted. This was examined by Sir Humphrey 
Davy and Mr. William Brande, and was found to be inflammable, and 
not to contain carbonic acid, which establishes a difference between 
this process and fermentation ; the food is then received into the up^ 
per portion of the fourth cavity. 

The changes -which are produced on the food in the three first ca- 
vitieSy are only such as are preparatory to digestion ; and it is in the 
fourth alone that that process is carried on. In the plicated portion 
the food is acted on by the secretion of the gastric glands ; m that 
portion of the fourth cavity of the deer's stomach, small orifices are 
seen in the internal membrane leading to the cavities, which appear 
to be the openings of these glands. 

In the lower portion the formation of chyle is completed. 

BIRDS. 

§ 94- As we Jiave spoken above of the cheek-pouches of 
some mammalia, we must here take notice of the throat sac, 
which is found in the male bustard, under the integuments o^ 
the front of the. neck, and opens by a wide aperture imder the 
tongue : its use has not been hitherto discovered.i* 

A very remarkable dilatation of the fauces occurs in the pelican^ 
An immense pouch, capable of holding several quarts of water, Hes 
between the branches of the lower mandible, and constitutes a reser- 
voir for the food, which consists of fishes. By means also of this 
bi^9 the animal feeds its young until they are of sufficient strength 
to.|HCOvide for themselves. 

%95. The oesophagus, which generally descends on the 
right of the trachea, as well as its opening into the stomach, 
is of inunense size in many carnivorous birds ; considerably 
larger indeed than the intestinal canal. The capaciousness of 

■ ■ ■ I ■ I ■ 1 1 

* IHisertatio Pft3^<to2ogica inat^ra^is de il/imentorum concocttoft^. iltictor« Edwardo 
Stevens. Edinb. 1777. 

t Edwards's Natural Historif cf Birds, torn. ii. tab. 73 ; and Schneider, CommenU 
ad reliqua Librorum, Tredtr, ^ndi, torn. ii. p. 9. 
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W OH'Tn OiOPHAI 

Ab tnb» adbIiIm ik to Itold' tut a time the entire fisli, and 
bbge bonei wUeh Ams Uid* vn-allow, and which cannot be 
qintwiied b the itomuh ; and facilitates the discharge, by 
vomidng, of the indigeitibla retn^ns of the food, which form 
balli of hiie, feathon^ «Bd bony matter. A sea-gall, which I 
lEept alive fiw aoiae Jtm, could ewallow bones of three or four 
faritM in length, so diat the lower end only reached the sto- 
amdb, and mu djgwted, whikt the rest projected into the 
OBWpbagtu, and deacended gradually, in proportion as the 
fiwaaw waa dinobed.* 

FtafMi laliruj ajandt, neb u tccrete that clear and limpid flmi 
ccawtittiting tba Hura, do not exitt in birds. For raaeticaiion, or 
the Bcmwijiwrimi of the food, and iis reduction into h soli paste, to 
whidi Raedoa thcM i^aoda are entirely Bubaerrient, is not performed 
m the monlh of tbeae numala, bat in tlieir gizzard. Birds, how- 
orar, have a verr coptoua amaratu of those mucous follicles, which 
fot» the ^ftpw ft J a la Ualer, wtccafa, Imgva/ti, &c. of the human sub- 
ject. Hie udea ttf the tongse, the under surface of that organ, and 
Ae cntnuiee of the aeitqihagaB, an beset with numerous openings of 
''" Janda, wUch fniiush an abundant supply of viscid mucus to 
ika ttsddr lintng of tfaeee parts iVora the hard bodies vihiek 
the food of wreraj Inrda. These apertures are very collr 
IS in the galliiue. The OMlrkh, in particular, has two flattenai 
1>odies at the upper and back part of the palate, which may be com- 
pared in tome respects to tonsils. The surface of these ts corcnd 
with innumerable foramina, from which a tenacious mucus m^be 
expressed. The sofl palate is entirely deficient in birds : the nortifl* 
up^ on the hony palate by longitudinal slits, the sidea of nllich 
ate guarded by soft pointed piqiilue. 

: ^ 96. The cesophagus expands just befi>re the stemnai into 
die crop, {ingbtviet, prolobus; Fr, le jabot) which is fiitlHalied 
with numerous mucous, or salivary glands, disposed in maaf 
cases in regular rows. In such birds as nourish tbeir yovng 
&om the crop, the glands swell f remarkably at that tinte, and 
secrete a greater quantity of fluid.j: This takes place in sa 
inverse ratio to the age of the young pigeon, as long as the 



■ S«c MortaD'* Natwl Biittn/ <f Nvrthiai^itai^on, p. 353 j and Dr. PvtKm, 
in Vtngt't Itfnun Hniiuiii, vol. i. p. 66. 

t HuDter OB Ou Aninut Eeaitiay, p. 193 } ind Neei^aard, tab. 6, fig, S'ud 3> 
t Sec ViriM dn tm Chyle, pmr la Pndiatiait du Saag, torn. i. p. 78. 
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oU Mrdf keep their food in the crop. This part is found in 
btnd birds only, but not in all of these ; it exists in all the 
gatlmaff.axid in some birds of prey.* 

The crop of the common fawlf and of the other gallirut^ is of a 
globular form, and placed just in front of the chest. The oesophagus, 
which opens at its upper part, commences again about the middle of 
the bag, so that the crop itself forms a cul de Mac^ or bag, out of the 
r^^ular course of communication between the two openings of the 
oesophagus. In the pigeon there is a spherical bag formed on both 
sides of the oesophagus, which tube itself is very large in the pouting 
pigeon^ and admits of being distended with air, so as to cause the 
appearance from which the name of the bird is derived. In the 
birds which we have now mentioned, the crop must be considered 
^ as an organ for maceratinir the dry and hard vegetable substances 
which constitute the food of these animals. The accipiiret also have 
this dilatation ; but it must be regarded in them merely as a reservoir 
fiir the food which does not require any previous softening. It is 
wanting in the piscivorous birds ; but its place is supplied by the 
great sue of the oesophagus, in which entire fishes are held until they 
can pass into the stomach. The heron^ cormorant^ &c. are examples 
of tms peculiarity. 

\ 97. There is another glandular and secretory organ^ much 
moTO common than the crop, belonging indeed very generally, 
ihbngh it is wanting in some birds^ as the king^s-Jisher^ to the 
whole class ; thb is the bulbus glandulosus, {echinus, infuhdi^ 
Imlum, proventriculus, corpus tubulosum) which is situated 
before the entrance of the oesophagus into the proper sto« 
itoch, and whose form and structure vary considerably in the 
dififerent genera and species. In the ostrich, for example, its 
magnitude and form give it the appearance of a second sto« 
mach.i* In some other birds, as the psitiaci, ardene, (crimen 
stori, &c.) its appearance is different in form from that of the 
proper stomach, and its size is larger ; while, on the contrary, 
in galUnaceous birds, it is much smaller.:): 



* Sm Wdf,. in Voigt'E Htgnine, vol. i. p. 72. 

t liMue^ YaHsnitri callt it in this animal, tkefint tUnmeh; lee his JVolvnite ddh 
Anut», 171d^ p. 159 ; and Cmrier's Anat, eomparSet tab. 40, fig. 3. 

f RxTan aeoount of several ofhei raiiations in the strttcture of this part, in dtf- 
/erenC birds, see the PterisiaB Mimtnrtt pour teiw h PHitUire Natw^elk dm Ani» 
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DO . ON THE OSOPHAGDI AHD ttvmtnt, 

W to » ninll portMm of the flBMohim, jiM bdbn U* Mr^--*^ 
Iheitaiudk TlitB em bobntHMTf rtther lu;garqBd'd 
i«n(stbiBtberMt<tftlMtiA«L IttitmetnmiBityiwnm 



diiMnwd in Uw mUuimcoiw genera. Tht oeMpIugua conMBUf 
fa oAer pwtit ofm two cotlai the ■——"'— ami villous ; but a vau 
r"'HWr' of clanAiliir fodie^ cylindriaJ in fonn, and arrangeil ti 
AMmoiioon to Mch oOmt, en ioterpoeed between these tmaOL 
'tmA eiModT munmnd the tube, eoDetitaliii|^ the " zone of gastm- 
Mwfi," of Mr. Meeertiiev, (Reee'i O/elapmlia, Art. Birds}. Thai 
tcAcb ere hollow mteraeDj, end open mto the cavity of the ie^ 
The flaid eecreted 1^ thnn, which, from their luimber alii 



rin, nnnt be AinriihBd in oreit ibundaBce, passes into the giznrdr 
aftd imxee with the fi>od hi proportitni n it is triturated by thd 
These glenda ere much leet fetiDct in those birds whitA 



We on eniniel nod. ee the Mc^tAvt and the jiiscivoTona genera _ 
ISkj txbit imiTenelly, end their opentngt can alwaya be discenwft 
'ntoMriek aflbrdseno^ortanitf ofeumimng them to great adrajt^ 
'Itgb. In die Afii^n nceiee the oeophejpit is dilated into an wh_ 
ntaee best o^H^le of nirfding eenru pmta of water, and is five afe 
iti'tbaei lerger dian the sisnrd itidf; which is placed on the riglit 
'■■i e Bte ri or pert of thledueBrtfaw. The^hds do not surround tbf 
lab^ 10 tbet the term com would be nerc inapplicable. Tfa^ 
Ibm e long but narrow bend, comnMBcing %x the termination of dw 
'CMophlffua, end numing elong the front of the bag towards the gii- 
•Mrd Tbii bend meeiUTee ebout twrire inchps in length, and not 
t its greatest breadth. The size of tho individu^ 



glands VBTJes: tbev are largest in the middle, and 

dther margin of the band. Some of them equal a large pra, and 

their openings are of a proportional size. They arearrangeo tin dose 
-^iposition to each oUier, and the inner surface of the ponch ia coroed 
,by a continuation of the insensible lining of the gizzard, which a^a- 

rates very easily from the surface. 

■ The solvent glands in birds are larger, and more distinct from the 
-otheTf«rtsofthedigestive organs than in the mammdia. The aolveat 



fflands in the whole of the extensive genus /a/co of Linnfieuvare cy- 
lindrical bodies, with very small canals, a villous internal surface^ end 
'thick coats, open at one end, closed and rounded off at the other ; 
■tbey are placed on the outside of the Tnembrane iriiich Unee the 
oardiac cavity, they lie parallel to one another, and nearly at ri^t 
angles to the membrane through which they open, the closed end 
being slightly turned upwards, bo as to make the orifice the moat de- 
pending part. In the golden eagle (the falco ckrytaetog, L.) m 
tea eagle, (Jiileo ouifragvt) they form altogether a broad go 
belt ; but in the hawk (falco ninu) this belt is lightly divided into 
finir distinct portions ; immediately below these glands tbe cavity 
.iKcomes wider, and is inclosed in a digastric muscTe of weak pooer, 
with a flat t^idonon each side. The internal surface of tfau cavity, 
whidi is the giszard, is soft and vascular. 
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In all animals that live on animal food the solvent glands appear 
to have a similar structure to that which has been just deseribed» 
only differing in size and situation. In the »olan goo^ (pelecamii 
hammna) these fflands are rather larger than in the eagUt but are 
placed in the dUated part of Uie cavity of the gizzard, forming a 
complete belt of great breadth, consequently are extremely nu- 
jnerous. 

In the keran {ardea cinerea) they are in the same situation as in the 
solan goose; they are thinly scattered, and do not form a complete 
belty being more numerous on the anterior and posterior surfaces* A 
baU offish-bones, held together by mucus, was found in the cavity of 
tfaegiBsard. 

In the cormorant (j>decanu$ carho) the situation of the solvent 
glands is the same as in the solan goose ; but they only form two 
circular spots, one anterior, the other posterior. 

In all these birds the inner membrane of the gizzard is soft and 
smooth, but that portion which covers the solvent glands has a more 
spongy or villous appearance ; and this part secretes a mucus whidi 
the <w^er parts do not. This fact appears to be ascertained by the 
following circumstances : on examining the gizzard of a cormorant 
that died in consequence of an inflammation in the oesophagus, which 
had been communicated to the internal membrane of the gizzard, a 
viscid mucus was found upon the surface covering the solvent glands, 
and this was not met with in any other part ; so that the mucus had 
been evidently secreted there, and was afterwards coagulated by the 
liquor of the solvent glands poured upon it, coagulation being the 
first process which takes place in the act of digestion. This ex- 
plains the circumstance of ascarides being frequently found enve- 
toped in mucus in this part of the cormorant's gizzard, the mucus on 
wnich they feed being secreted in consequence of the irritation thejf 
produce on the membrane. In the same manner the flakes in the bi- 
liary ducts of the sheep increase the secretion of the bile by ir- 
ritating these canals, and then feed on it. 

In birds that live upon fish and sea insects with crustaneous 
coveriim, as the ua^gull, (lams canus) the gizzard has a horny cii- 
ticttkur fining, and the solvent glands are in the same situation as in 
the genus falco. 

In those birds that live on land insects, some of whose coverings 
are sofi:, others hard, there is a difference in the structure of the di- 
gestive organs from what has been described. The solvent glands 
are phused in a triangular form in the cardiac cavity, and immediately 
under it is a small gizzard with a homy lining. Of this kind is the 
wood-pecker {picus minor). 

There is still another variety in the structure of these organs. In 
the little auk (the alea alle) the solvent glands are spread over a 
greater extent of sur&ce than in any other bird that lives on animal 
mod, and the form of the digestive organs is peculiar to itself. The 
cardiac cavity appears to be a direct continuation of the oesophagus, 
distinguished from it by the termination of the ci^ticular lining, and 



.iridi my mnAmi i1m<b*i M 



it'l^&ndB. The cavity is contiaued down 
""b below the liver, «nd 18 then bent up 
' ) a gizzard ; nhen the cavity is 
_ -n at ilB upper pari, every where 

g itt bat lawBr d0«u they lie principally upon the poate- 
-liar Mrfteo, ud whdw it-k bent upwards, towards the right side, 
dwT va entirdj mUiiig. ^e gizzard has a portion of its anterior 
■tfM pHtflrior BOrben Op^orfM each other, covered with a homy cu- 

.. 1m \Mm Art llrt pria^olly on vegetable food, the solvent 
"iAtit Wvft I diUhnat MnMure, according to the substances the 
Sird* are iatondMl to Aed moil, and vary in altuation according to 

:ih»iMiiiiioriift. 



. b ik* flgeom (eohmt* imtttica) their situation is the same ai in 
"^e gCDlM ,^A», rat A«r 4m is email, the external oriScea large, 
id ne ecwta dun, ao Aat diey resemble the glands in the Engmb 



iWwim iMViog however Itner cavities. 

In ^ «in«i (oMt «nw) dw solvent „ 
fW is tlM^eiMkiyitfao.Wt«e not straight, bending upon one' another 



A solvent glands appear to be cylinders, 

. , .... _._ Hot straight, bending upon one another 

■iBBdinctionoUiqD^apirardB; their internal surface is not villous, 
ibM nther broken and uragokr. 



b the joose ^am« dMcr} Aey have the same situation, but when 
Mid opcot the ndea an finiDd to b 



.hid opcot the ndea an finiDd to ba e 

: In the amamtJoiDl (jitniia— ■ gmlliai ibwe ghndaiMi iMdh^ 
■of fiituf MBall ihort yocwaii nuttog ir •)iittdlftt«b%|-irilHfc>f|«« 
extCTDalfy by ona onBcv. .;!i i,; :c-r! 

In the tttrky {mtkarrit gailopavo) diey coiwal of 
tnaifi. which diverse from each other in oppoaita diree 

In many large birds that only walk and run, thew winga b«aBg too 
•mall to enable them to 6y, the digestive organs are formed in taUj 
-leapecta differently from Uiose of other birds. 

In the cauowary {cauuariut emu) the solvent glands an^iataalsd 
between the crop and gizzard, as in numy other turds, but diispHd 
is dihted into a large cavity, and separatad from the giUard 1^ id 
oblique muscular valve ; in this cavity the food may be retaiaod Sbi 
isbme time, but cannot be triturated there, since the stones and el 
hard bodies swallowed will readily force a passage into the g' 

In the American otlrich {rhea Americana) the solvent gu 
-fewer in number than in other birds. They onlv occupy « ■ 
.portion of a circular form on the posterior side of ue cardiac eanITi 
Ibis however is compensated by the complex structure of wUeb dtsy 
are composed. To each gland there is one commtm orifice; nhto 
the cavity to which it leads is laid open, three smaUer orifices are ex- 
rposed, each of which communicates with five or six proceaaea like 
the fingers of a glove. The structure is similar to that of ihe solvent 
'l^buids of the bieaver among quadrupeds. The cardiac cavify in 
which the glands are situated is dilated to a large sise^ as in the cas- 
. aowary, md there is a similar muscular valve, aeparatiDg it from the 
giizaid. The digastric muscle ia weak, but the fil»ea Mvrinch it is 
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oompoeed, tad tendons betwe^ the two bellies of the uoscle^ sre 
heimfylOj distinct 

hi ibe ^/rtcan offmA {sintthio camelui) the solvent glands are un- 
ittnudly nomerons ; the space in which they are situated is not only 
dibled into a cavity, but is continued down bdow die liver, and 
tlMn bent up upon itsdf towards the right side, where it terminates 
In a strong ^aurd nearly at the same height as the beginning of the 
oodiae cavity. The giszard is unusually small, the grinding sur- 
ftees do not admit of being separated to a great distance from one 
vaoiAer ; and on one side there are two grooves, and two cones* 
pMlding ridges on the other. Beyond the cavity of dse gizsard is an 
oval aperture, with six ridges, covered with cuticle, to prevent any 
thing passing out of the gizzard till it is reduced to a small form. 
Ilid- cardiac cavity of one of these birds was found to contain stclies 
of various sizes, pieces of iron, and halfpence ; but, between th* 
iprindiidg sur&ces of the gizzard, there were only broken glass-beadsp 
of different colours, and hard gravel mixed with the food. The 
catBOwary and American ostrich differ from birds that fly, in having 
the solvent glands placed in a cavity of unusual size, and the muscu* 
lar structure of the gizzard uncommonly weak ; their mode of prot 
gression, which is a kind of run, producing so much agitation be- 
tween the stones and the food, as to render a strong muscular action 



In the ardea areola^ a native of Bengal, which feeds upon carrion, 
and is exceedin^y voracious, the solvent glands are differently 
Ibrmed from those of any other bird ; each gland is made up of five 
oraix cells, and these open into one common excretory duct* The 
glands are disposed in two circular masses, one on the anterior, the 
other on the posterior surface of the cardiac cavity, putting on a si* 
m'ilar appearance to those of the cormorant, but differing both in 
structure and situation. The gizzard is lined with a homy cuticle^ 
OMndy of the same general appearance as that of the crow, and the 
diffii^ric muscle is of similar strength. 

In the pwnrot tribes, which feed prinvipally on seeds and fruits^ 
there is a different formation of the digestive organs. There is a 
crop on the right side, as in the fowl, but the cardiac portion ii 
unusually large, and the gastric glands are spread over a consider- 
able portion of its surface, but are wanting at the lower part, and 
immraiately below there is a regularly formed gizzard of a very di- 
minutive size. In this respect the parrot accords very nearly in its 
digestive organs to the wood-peckers among those birds that live 
upon ankoal food, having a cavity in which the sof^ substahces.may 
be acted upon by the gastric liquor, and also a gizzard, in which any 
h^Burder substances may be broken down, and by that means rendered 
fit to be acted upon by the secretion of the gastric glands. 

In examining the gastric glands of d^Java awallow Sir £• Home 
thought that he aaw an obvious difference between .the. apjpearance 
of the orifices, by which the secretion is forced intojthe^gizzard of 
this bird, and tliat 4>f the common swallow. But Mr. Clifry who saw 
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the Reparation lo whicli Sir Everard alludes, has assured the editor 
diat he could not perceive the difference wliit-h Sir Everard mentions. 
Sir E. Home concludes, from a comparison of the peculiarities in 
the (tructure of the digestive organs in birds generally, and particu- 
larly of the solvent glands, gizzards, and intestines in the casautrm 
emu, a native of Japan, the rliea Americana, a native of South Ame- 
lica, and the ttniihio cumelut of Africa, that the gizzard becomes 
more and more fitted to economize the food as the country to which 
tlie bird belongs becomes less fertile, and tliat the extension of the 
loner intestines and cteca warrants us in believing that the proceasea 
carried on in them render the undigested food subservient to theani- 
mal's support. See Phil. Tram. ISlS. 

§ 98, In most birds, the stomach lies at the upper* part of 
the abdomen, that is, close to the spine, and rests ia a manner 
on a stratum of intestines ; in the cuckoo, however, it lies be- 
low. This peculiarity does not belong exclusively to that cu- 
rious bird,-f for I have found it in the ramphastos, and the 
corvut caryocataclei {the niil-ciacker). 

% 99. The structure of the stomach differs most widely in 
the different orders and genera of this class. It appears 
merely us a tliin membranous bag in several of those which 
feed on flesh and insects, when compared with the thick, mus- 
cular globes of the granivoroiis genera. But there are both 
tnany intermediate linkBlJ; between these extremes, and at^ 
Bame time considerable analogies in the structures, which an 
apparently the most opposite. This is particularly observqU; 
in the course of the muscular fibres,} and in the calieus sbiie* 
ture and appearance of the internal coat,|| in which poiots nuu^ 
membranous stomachs have a great resemblance to tho6« of 
iSoegailina. 

\ 100. Both parts, but particularly the muscular, areTeijr 

* Sec $ 41* BOW- 

t Huinant thought this dreomManM pccnliar to the mdaa ; and nippoMd thil 
it fnnuihcd BO eipUnalioii why that bird does not incalwte. Mtm. dt FAead. ia Sc. 
1756. 

t Holler has callected a nombei of thlie in hit Eltmmt. PhyiMeg. torn. TJi. 
p. lie. 

f I>n*«niej, (Euvm ^natoMifUM, torn, ii, p, 447. 

i Weplu, Cinita Ajuatit* Hutona rt Naac, p. 1 74. This is, on the whole, * 
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9trong in the gizifard (ventriculus bulboms) of graniYorous 
})irds«* We find here, instead of a muscular coat, four im- 
mensely thick and powerful muscles ; viz., a large hemisphe^ 
rical pair at the sides, (Jaterales) and two smaller ones (inters 
medii) at the two ends of the cavity ; all the four are disdn- 
guishedy both by the unparalleled firmness of their texture,f 
and by their peculiar colour, from all the other muscles of the 
body. 

The internal callous coat must be considered as a true epi* 
dermis^ since, like that part, it becomes gradually thicker from 
pressure and rubbing4 It forms folds and depressions to- 
wards the cavity of the stomach, and these irregularities are 
^adapted to each other on the opposed surfaces. The cavity 
of this curious stomach is comparatively small and narrow ; its 
lower orifice is placed very near the upper. Every part of 
the organ is, indeed, calculated for producing very powerful 
tritiiration. The numerous experiments which Reaumur per- 
formed, in order to determine the extent of this triturative 
power, are universally known. There are two curious ob^ 
servations on this subject less generally known. Felix Plater 
found an anyx^ which had been swallowed by a hen, to be 
diminished by one-fourth in four days ; and a htda ior lost 
in this way sixteen grains of its weight. § The end and 
use of swallowing stones with the food, the well-known in^ 
stinctive practice of granivorous birds, have been very dif- 
ferently explained. Caesalpinus considered it rather as a 
medicine than as a common assistance to digestion ; Boer- 
haave, as an absorbent for the acid of the stomach ; Redi, 
as a substitute for teeth. According to Whytt, it is a me- 
chanical irritation, adapted to the callous and insensible na* 
ture of the coats of the stomach. Spallanzani rejected all 



* J. C. Peyer, AnaUnM Vmiiicri^ OaUinacei, in his Exercit^ de GlanduUt Intetti- 
Hor, Scaf haus. 1677, 8. 

t W, G.Muys De Camis Musculosa Structura, Leid. 1741, 4to. tab. 1. 
I Monro's Etsay oh Comparatwe- Anatomy ^ 
§ See Swammerdam, Biblia Natwts, p, 168. 
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»f design or object, and thought that the stonei 
H ii*w red from mere stupidity. I think there is not 
nucli sagacity to he discovered in this opinion, when we con- 
aider that these Htoiies are so essential to the due digestion of 
the corn, : it birds grow lean without them, although the; 
May he ma copiously supplied with food. This paradoxical 
C^inion has, however, been already refuted by Hunter and 
Fordyce.* The use of swallowing these stones seems to me to 
consist in this, that they kill the grain, and deprive it of its vi- 
tality, which otherwise •-'•ais''' 'he "ction of the digestive pow- 
ers. Thus it has been lounu, ihi f the oats and barley given 
tfi horses, are previously killed by leating, the animal only re- 
quires half the quantity, and yet tl rives equally. 



^ 101. The capacious oeaopl is of the turtle has a very 
striking peculiarity in its struc.u.v. ; its internal coat is beset 
«rilh innumerable large, firm, and pointed processes + of a 
white colour. Their points are all directed towards the sto- 
mach, and they probably serve to prevent the return of th* i 
food, which can only enter the stomach gradually. 

I 102. The asophaguli of die croooriifeis «f <lU Hunt) 
shape ; the sttfmach'Of tioe uutnal resembles,.aldiot|gh m/bYgij 
closely, that of &e giaiUTorbuB Inrda^.in thenesntessof-ibi 
Wo apertures and the ^okneaaof its coots. 

$ 103. The stanuweh of serpents cNi hardly be ^tinguikbed 
ftom the iBsophftgus, except that it is somewhat larger. It U 
TBI; short when cotnparedr^with the great length of that tahe. 

Reptiles resemble birds, in hayine their nostrils terminatfd by two 
hnwitudinal slits on the p^ate, and in the want of the Telnm p^bid 
«nd ^glottis. 

The cesophagus of the serpent kind is of immense magnitude; for 
these reptiles swallow animals larger than themselves, which are re- 
tained for a considerable :time in the uibe and dese^id mUy ifae at^ 



• 3«e J. Uanter'i Jninul Etonmtn, f..U&; and G. Eordyee M D^oMbk, p,M. 
t Bujuh, Thoaunn Anatamau, 8«ici.'Uti. 3. 
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mach by degneiy where tbey are alowly sabjected to ihib attioA of 
die gastric juice. The whole process sometimes ooci|pies many days* 
or even weeks. 

FISHES. 

* § 104. The oesophagus is short in most fishes ; but this 
'dhikracter is not universal, as Aristotle supposed ;* nor is a 
toDg^ oesophagus peculiar to fishes of an elongated folrm. Tbo 
large stomach of the tetrodon hispidus is particularly worjthy 
of notice, for the animal can fill it in case of necessity with tir, 
vnd diange its naturally long form into a spherical one.i* 

From the peculiar formation of the nose of fishes, and frem thmr 
^respiring by means of gills, their fauces have no connexion with any 
vasal cavity, or glottis. 

Tbe.cBsophagus is of great width in fishes* and is distingiiished 
with difficulty in many cases from the stomach. These am'mals 
swallow their food whole, without subjecting it to any mastication ; 
and, if the stomach will not hold the whole, a part remains in the 
leaoplugus, until that which has descended lower is digested. The 
alimentary canal is generally very short 9 sometimes extending 
straight firom the mouth to the anus with very little dilatation, as in 
the lamprey {petromyzon marinas). 

. } 105. The size and form of the stomach vary j; very consi- 
derably in this. class. Its coats are thin in most fishes, but in 
some they are very thick and muscular,§ and have a callous 
internal covering; still, however, the resemblance between 
these and the stomachs of granivorous birds is very remote. 

INSECTS. 

^ 106. I have already observed, on another occasion, P that 
the business of nutrition in insects does not ^eem to have for 
its olgect the mere preservation of the individual, as in most 

■ • ■■■.■ ■ t i I 

* See Fabridns ab Aquapendente, p. 101 of the edition quoted above. 

t 8; Geoffroy St HUaire, in his Doer, de VEgypU Hist. ^atur$U€. 

f Bepreientations ot the stomach of several fishes may be seen in the 9d yoU of 
CsUiiit's SytUm rf Anatomy. Lond. 1685 ; and in the Mimahres prttent^s h VAmd. in 
&. by Vicq d'Azyir. 

$ Rondelet, p. 70. 
In the Handhueh itr NatwrgeaeMehte, (Manual rf Natural Hiitery) jp. 799 ; or 
p. 172 of Mr. Gore's excellent tntadaftion ttf this work. 
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ted-blcHided animals ; but chiefly the consumption of orgao- 
iied matter ; whicli will appear clearly, from considering the 
structure of their alimentary canal.* In most of those n'hich 
are subject to a metamorphosis, the stomach, in the larva state, 
is of B great size, in comparison with the short intestinal cana) : 
while those, on the contraiy, which take little or no nourisb- 
ment in their perfect state, have this organ remarkably dimi- 
nished, and as it were contracted.'f- 

§ 107. Our limits will allow us to take but little notice her$ 
of the endless varieties and peculiarities of internal structure, 
which occur in the dificrent genera and species of this multi- 
form class of animals. We shall therefore only bestow two 
words on those of the oesophagus and stomach. In several 
cases the commencement and termination of the alimentary 
canal, the cesophagus, and rectum, are surrounded by an annu- 
lar portion of the spinal marrow, + - 

In the earwig (forficula auricularia) the upper orifice of 
die stomach is furnished with two rows of teeth.^ 

In some of the grylli (grasshoppers) the stomach itself \% 
small, but the oesophagus much larger. 

In some species of that genus, particularly in the grt/Utu 
gryUotalpa, the stomach consists of three or four vesicultf 



• lUndatirl/brdiiFtrdauwvnwnbii^ibrliunMia. Halle, UlL, > I 

f Compare, br imtance, the iloDiich of the larra of the popitio urtioE witb ftit 
of llie perfect btMetfiy, in Swammerdain, BiUia Natura, tab. 34, fig. 4, Kad Irt. 
36, £g. 1 ; and paiticulaily the whole uriea of change* which takea place in Ae 
pMfc.frniniiHC,iQHerold'B£K(iHcli*Iu)^^g«cUcht< CtklatiittderSehixattrlaigirl^A. 
1816, 4, tab. 3, £g. 1-13. ' ; 

% Thenue teveral delineatiooa of the tloniach in Ae different ordenof 'iat^m, 
VLc that of the teaniititu tuutcornii, in Swammerdam, tab. 27. Of the aarfl hUA, 
in Riiid, toI. ii. tab. B. Of the it^-beetle, (tucanui etrvut) ibid. txb. 9. OtWt 
taneig, in C. F. Pouelt, Tentamina eirea Anatimiam faiJKuia imrinilariia* ; Jcib 
WX), 4to. fig. 26. Of the gryUat Kerradtenu, in Bosel, vol. iL tab. 9. ' W the 
MOaa^r'^ Milpigbi, De Bomlya, 1669, 4to. j in Rbsel, voL iii. lab. 9 j ud 
pibiena. in the CmuMni. Inttit. Btnton. torn. v. part I, tab, 2 and 3. Of the umiii. 
in Ljonet'i chef d'mnvre, Anatamie de la ChtTiUla, &c. Of the tphtmtn havrw, 
to Swanunerdam, tab. 16. Of the larra of the muam ckamcJMn, ibid, Inb. 41' 
Of tha nutca pairii, iUd. tab. 43. Of the Imm, ibid. tab. 2. 

$ PoaKti, in the wwk above quote^ p, 2Tt fig. 37>. 
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portions^* vbich have been compared with the stomachs of 
the ruminating mammalia.f 

We have already (§ 1) mentioned the stomach of the hbster, 
and some other species of the genus cancer :% which is pro- 
vided with' several portions of bone. It contains also three 
teeth, which, together with the stomach itself, are annually re- 
produced, at least in the craw-Jlsh (cancer astacus), 

. The Crustacea, and some insects, are furnished with organs of mas^ 
jdcation of similar structure. Their mouth is formed of two or more 
pairs of jaws placed laterally. These move from without inwards, 
and vice versa, whereas those of red-blooded animals move fjrom 
above downwards, and back again. The parts, which are termed the 
lips of insects, are two bodies ; of which one is placed above or in 
front of the jaws, and the other below or behind them. The palpi or 
feelers are articulated to the jaws. All insects, which have jaws, pos- 
sess the power of masticating hard animal and vegetable substances ; 
for these parts are of a firm homy texture, and in many cases are 
very large^ when compared with the size of the animal. 

The locusts, (grylli) the dragon-fly, {libellula) the beetles, and part(- 
cularly the lucanus cervus, or stag beetle, and the ^aphtflmus maxiliof' 
0Uf are examples in which the jaws are very large and manifest, and 
often possess denticulated edges. All the genera of the followinff or- 
ders have jaws ; viz. the coleoptera, orthoptera, neuroptera, and nyme^ 
noptera. The insects of the remaining orders derive their nourilBh* 
Inent ehiefly from liquids ; which they get either from animal or ve- 
getable subistances by means of a>6piral and tubular tongue, or a soft 
proboscis, (as in the lepidoptera) with a broad opening, admitting of 
extension and retraction, (the hennptera) or a horny pointed tube; 
containing sharp bristly bodies internally (the diptera and aputa), 
■ The stomach of the bee is a transparent membranous bag, in which 
the nectar of the flowers is elaborated and converted into honey. 
Hie animal vomits it up from this reservoir, and deposits it in the 
hive. ... 

. The stomach of the crab and lobster is a very singular organs It 
is formed' on a bony apparatus, in short a species of skeleton ; and 
does^ not therefore collapse when empty. To certain parts of thia 
bony structure, round the pylorus, the teeth are affixed. Their sub- 
stance is extremely hard, and their margin is serrated or denticiilated : 
as they 8urro\ind the tube, near the pylorus, nothing can pass that 



* Cavier, in the Mhmrts de la SocUti d*Hi8t, Nat, de Paris, an T, tab. 4. 

t Swammerdam, Algem^ VerhandeU van de Bloedeloote Dierksns, Utrecht, 1769, 
4to.; and G. H. VeUchii, Hecatottea Obs, Aug. Viod. 1675, 4to. p. 71. 

X See Rosel, vol. iii. tab. 58; and Fr. Succon. Myologia insectorum SpecimiA, 
Heidelb. 1813. 



110 



OK THE GESOPHAGUS AVB STOKAOSX 



opening, without being perfectly comminQted^ ThbielNmefl.aiiditeedi 
are moved by peculiar muscles. 

VERMES. 

^ 108. We can only select a few instances^* as examples of 
this clasSy which includes a great number of creaturesj di£b- 
ing widely from each other. 

The aphrodite aculecUa^ (sea-mouse) which is well-knowD 
on account of its beautiful colours, possesses a very remaib* 
ble stomach. The form and size of the viscus resemble thoie 
of a date, while in strength and compactness of texture it i^ 
preaches to that of granivorous birds.f 

The oesophagus is expanded into a crop in many testacok 
particularly among the bivalves ; and it is covered intenul^ 
with numerous small teeth.;}^ 

The powerful stomach of the bulla Ugnaria contains three 
hard calcareous shells, by which the animal is enabled to bnliK 
and masticate the other testacea, on which it feeds.^ TX^ 
stomach was lately taken by some naturalists for a peedfa 

genus, of an entirely new order of three-shelled testacea. 

- - - _ ■ — 

* The following zootomists have given us representationt of the stomachy in Ai 
diffurent orders of vermn, viz. Tyson, of the round worm, (JtumhTie%u fumyi mtti 
ktvMdmdtt) in the Phila, Trans, vol. xiii. No. 147 ; which may be computiiik 
Werner, Vermium Inttstin. Exporitio, lips. 1782, tah. 7. WiUi% of the mH- 
vMfrm, tab. 4; also Vandelli, Din. de Aponi Thmviu, &c Peter. 1768^1* 
Morand, of the leech, in the M4m. de VAcad. dtt Ss. an 1789* Ai «dlB| 
Bibiena* in the Comm. InstiU Bonon. torn, vii, p. 102. Johmon on tkm 
Utdu Lond. 1816, p. 124 ; and Home's Ltetura on eomparatim (tnatmmg, HkH 
Of the ilug, Swanmierdam, tab. 9. Of the euttle-Jith, ibid. tab. 51. Abo. 
On the Phyriology of F'ahis, tab. 31. Of the. different species of in 
MfinoiTM tur let MoUusqua, Paris, 1817. Leue Be PUwrobrtmduia4 
generi. Hal. 1813. Poli, of several testacea, in his 7«fte0«a etrfau^iM SWto* 
the pheloi dactyhu, torn. i. tab. 7 ; the teUwa pUxwta, torn, i p. 14» MmhmWm 
poUiana, torn. ii. tab. 19 ; the ventu ehione, tab. 20. Of the soeila, Wohalidi Al 
Heiiee pomatia. Wirceb. 1813. SdebU, Limnei Stagnalit Atuttomm^ Gotlii^1fll| 
Feider De Halyatidum slructura, Hal. 1814. 

t See Pallas, MisceUaiiea Zeologiea, tab. 7. 

I For instance, in the chiton einereui, see Poli, tomi i. tab. 3. Corapen alM A>| 
oesophagus of the euttle-Juh, which is furnished with teeth in the seme maiUMr. ^\ 
Turberville Needham's Nouvellet Obtervatunu Microscopiquet, tab. Ur. 

§ Humphrey in the Trwu, ef the LinneBon Society, vol. ii. p. 15* Unnanoi ii I 
the Jewmal de Physique, torn. vii. p. 146. 
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In most of the proper moUusca^ the stomach is of a rimple 
membranous structure, and of very different comparative mag- 
nitudes. I have found it very large in the scyllaa pelagicum. 
It occupies the greatest part of the body in the leech^ and is 
divided internally by means of ten imperfect fleshy partitions^ 
into somewhat separate portions* 

Lastly the armed polypes {hydrte) and other simihir noo^ 
phjfies, can hardly be considered as any thing more than a 
dlere stomach, having its openings furnished with tentacuhu 

, In those moUusca^ which possess jaws, these parts are fixed in the 
fleA of the animal, as there is no head to which they can be articu- 
lated. They are two in numher in the cuttle-fishy are composed of a- 
homy substance, and resemble exactly the biU of a parrot. They aie 
placed in the centre of the lower part of the body, and are surround- 
ed by the tentaeula, which enable the animal to attach itself to any 
ol:gects. By means of these parts, the shell-fish, which are taken for 
food are completely triturated. The common mail and shtg have a 
4lin§^9 jaw, semilunar in its form, and denticulated. The m^onto-iuui 
twojawsy which act like the blades of a pair of scissars. The other 
inoUusca possqf»s no organs of this kind ; but have, in some instances,' 
II sort oi proboscis ; a» the buccimmh murex, valuta, doris, scjfUma^ 
&c. 

In the worms, properly so called, there are sometimes hard purts 
forming a kind of jaws or teeth. Thus in the nereis, the mouth posr 
Sesses several calcareous pieces. The aphrodite {sea-mouse) 1ms a 
peabosci% furnished with four teeth, which it can extend and retraet 
at pleasure. Within the mouth of the leech are three semi-circular 

§rojecting bodies, with a sharp denticulated edge ; by this apparatus 
le animS inflicts its wound of the well-known peculiar form in the 
dun. 

The teeth of the echinus (sea-hedgehog) are of a very singular ar- 
rangement ; a round opening is left in the shell for the entrance oi 
^ fbod; a bony structure, on which five teeth are placed, fills up 
tills aperture ; and as these parts are moved by numerous muscles, 
tbey^fbrni a very complete organ of mastication. 
• The stomach of the vertnes is, in general, a membranous beg ; but 
in some cases its structure is more complicated. In addition to the 
instances mentioBed by die author,, we may observe that the heHx Hag-" 
iMlis, and the onchidia have gizzards* The aplysia has three strong 
muscular stomachs, provided with pyramidal bony processes; Thiim 
8trueture> together with that of the bulla lignaria, and of the lobster 
and crab, presents a new analogy, as Cuvier has observed, between 
the membranes of the intestines, and the integuments of the body. 
I'his is particulariy strengthened by the annual shedding of the lob- 
ster'a teedi) Wbenitrcrustaceous covering fkllrofE 
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ON THE INTESTINAL CANAL. 



MAMMALIA. 

§ 109. The intestinal canal (which is the most common put 
in the whole animal kingdom after the stomach), is distiih 
guished in this class by two peculiarities^ which depend oo 
the mode of nutrition. It is comparatively shorter in canmo- 
rotts animah, and there is also in these less difierence to 
external appearance between the small and the large intestine^ 
than in the herbivora. Yet these rules are not without their 
exceptions. For the seal has very long, and the sloth vei; 
short intestines ; the badger, which is not a proper carmTO- 
rous animal, and several true herbivora, as, for instance, die 
reU-mouse, (glis esculentus) have no distinction between Ae 
large and small intestine. 

It is worthy of notice how the calibre of the intestines and 
the strength or thickness of their timic bear no definite pn^ 
portions to each other. Hence the small intestines of a foD 
grown seal, which are very long, and of the size of the Kttk 
finger in thickness, have much stronger tunics than those of 
the opossum, the calibre of which is equal to the size of tbe 
thumb.* 

In considering the proportionate lengths of the intestinal eavii 
and the relation which these bear to the kind of food on which tfe 
animal subsists, many circumstances must be taken into the acoooil^ 
besides the mere measure of the intestine. Valvular projectioiii of 
the internal membrane, dilatations of particular parts of the cmt 
and a large general diameter, compensate for shortness of the intt*- 
tine, and vice versa. The structure of the stomach must alao k 
considered ; as, whether it is formed of more than one cavits ; iHn^ 
ther the oesophagus and intestine communicate with it in sndi i 
manner as to favour a speedy transmission of the food ; or, whedMr 



* Vide Pallas, Nova iS^ies fuadrupedun GUrituii crdmi, Eriang. 177ft<4. 
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there are cuh de taCf which retain the aliment for a long time m the 
cavity. The formation of the jaws and teeth, and the more or less 
perfect trituration and comminution which the food experiences in 
the mouth, must likewise be viewed in connexion with the length and 
structure of the alimentary canal. 

- The whole length of the canal is greater in the mammalia than in 
the other classes. It diminishes successively, as we trace it in birdst 
reptiles, and fishes, being shorter than the body in some of the latter 
animals, which is never the case in the three first classes. 
' In omnivorous animals, the length of the canal holds a middle 
rank between those which feed on flesh, and such as take vegetable 
food. Thus, in the rai, its proportion to the body is as eight to one { 
in the pig thirteen to one ; in man six or seven to one. The diminuticn 
in length, in the latter case, is compensated by other circumstances, 
viz. the numerous valvulae conniventes, and the preparation which 
the fi>od undergoes by the art of cookery. 

In carnivorous animals every circumstance concurs to accelerate 
tbe passage of the alimentary matter. It receives no mastication ; it 
is retained for a very short time in the stomach ; the intestine has no 
folds or valves ; it is small in diameter ; and the whole canal, when 
compared' to the body, is extremely short, being three or five to one. 
^ Tlie ruminating animals present the opposite structure. The food 
undergoes a double mastication, and passes through the various ca- 
vities of a complicated stomach. The intestines are very long ; twenty- 
seven times the length of the body in the ram» Hence .the large intes- 
tines are not dilated, or cellular ; nor is there a coecum. The solipeda 
bave not such a length of canal, nor is their stomach complicated ; 
but the large intestines are enormous, and dilated into sacculi : and. 
me .^oecum is of a vast size; equal, indeed, to the stomach. The 
rodentia, which live on vegetables, have a very large ccecum, and a 
canal twelve or sixteen times as long as the body. In the rat, 
yrhich can take animal as well as vegetable food, the canal is shorter 
than in the other rodentia. 

There are some exceptions to the rule which we have just men<- 
tioned- respecting the length of the canal in carnivorous and herbi- 
vorous animals. The seal, which takes animal food, has very long 
intestines : the sea-otter resembles it in this respect, and differs 
therein most remarkably from the common otter, which resembles 
other carnivorous animals in the shortness of its intestinal tube. 
1^ length of canal in the former is twelve times that of the animal*; 
vadi only three times and a quarter in the latter. (Home, in the 
PhUes. Trans. 1799, part 2.) Whales have likewise a longer canal 
ihim other carnivorous mammalia; their stomach is complicated^ 
and t^e intestine has longitudinal folds. It seems, therefore, that a 
considerable length of mtestind canal is found in all mammalia 
whidi live much in the water, although they are carnivorous. 

The plantigrade animals, which have carnivorous^ teeth, but feed 
equally well on vegetables, have a long canal ; but it is very narrow, 
and possesses no coecum, nor distinction of large intestine. 

I 
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A Bpecics of bat {yespalilio nocluia], sfems to have the Bhorieat 
intestinal canal of any mammalia : it is only twice the length of the 
animal's body. On the contrary, the rouaetie (cesp. vampyrus, Linn.r. ' 
caninui, Bhim.} which livcii enturcly on vegetables, has it seven times 
U long. 

A remarkable difference is observed in tlie length of the canal be- 
tween the wild and domesticated breeds of the same species. In the 
V)ild boar the intestines are to the body as nine to one ; in the tame 
animal these proportions are as thirteen to one. In the domtilie 
cat, five to one ; in the witd cat, three to one. In the bull, twenty- 
two to one ; in the btiffalo, twelve to one. They are, on the con- 
trary, longer in the wild than in the tame rabbit ; the proportions in 
the former being eleven, and in the latter nine to one. 

The proportion of the intestinal canal to the length of the body in 
hirds, is as two, three, four, or five to one. It is not always longest 
and largest in the graminivorous species, as many piscivorous birds 
have it equally long. 

It is hardly twice the length of the body in many reptiles ; and not 
so much in the frog, although it is nine times as long as tJie space 
between the mouth and the anus in .the tadpole. 

The alimentary canal of some fishes ia continued straight from the 
mouth to ilie anus, and does not therefore equal the length of the 
body. The lamprey, skate, and shark, are thus circumstanced. 

§ 110. Tlie valvulse conniventes of the small intestine are 
more faintly marked in most mammalia than in man ; in some, 
indeed, they do not exist at all, and this happens both in car- 
Bivorous and herbivorous animals. In the eetaeea, od ^. 
contrary, the mtemal surface of the intestines has loDgitudiMl 
folds of a zig-zag appearance. 

The possession of a villous coat for the absorption of die 
chyle constantly dtsUngttishes the small from the large intes- 
tine, which seems to be merely destined for the reception ^ 
die fteces. The villi are remarkably long and nimKrous in 
the bear.* 

The Fallopian valve (palvula colt) is wanting in a few aoF. 
mala only of this class, as, for instance> in the Aetf/fektigif- 
ormtkorhynchita, and racoon. 

* Od the structure of this coat in several species of the four clasHs of ni. 
blootkxl aoimali, see Boun. Ad. Hedwig, Dit^ititia ampuUulaituan lisbcAiikS.. 
lips. 1797-4; Rodolphi's AnalmmacAa ^fM^tchi AtAandbtagm ; aad IA^'( 
Archiv V. B. 1819. 

t Roedecei gives an accniatc descriptiaa of this Vtlve. in onr domestic animbii 
De Polimla coli. AtgUiU 1768, 4ti>, ji. 46, , 
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§ 1 1 1. There is great variety with respect to the coecum in 
this order,, even in the different species of the same genus. 
Many, particularly of the carmvora, have none; it is also 
wanting in some herbivora, as the relt-mouse. In others of the 
latter description it is often of enormous size. Thus in the 
hare and rabbit it is longer than the whole animal, and fur- 
nished internally with a peculiar spiral valve. The marmot 
of the cape, (hyrax capensis) has first a large coecum, and 
then, further on, two other conical blind appendices.* 

The appendicula vermiformis is wanting in many mammalia; 
even in some of the simia, as the stlvanus^ &c. 

Most of the animals which have a vertebral column, have the 
intestine divided into two parts ; viz. the large and small. The lat- 
ter is commonly the longest, smallest in its diameter, and villous on 
its internal surface. The former is often thicker in its coats, and 
very rarely villous. In those mammalia which have this distinction, 
tihe separation is marked by one or more appendages, which have* 
the name of atcum when large, of vermiform appendix when slendet. 
MdHf the orang'OtUang, and the phascolome, (a species of rat having 
an kbdominal pouch, ftom New Holland) are the only animals 
which have both coecum and appendix. The amithorhynchus hystrix 
has an appendix only; and most other mammalia have only a ccecum. 
All the simieCf except the orang-outang, have a coecum, like that of 
man, but want the appendix vermiformis. 

Several possess neither coecum nor appendix, as the edenttUa^ 
(except the proper ant-eaters) ; the tardigrada, the bats, the planti^ 
gradot except the ichneumon, the mustelcsy and the tnyoxi {dormice) ; 
and the cetacea. 

A vdivula coll shews the distinction between the large and smalt 
intestine, where the coecum is wanting ; as in the doth and armadillo. 
When this distinction does not exist, the large intestine is charac" 
terized by the want of villi, by a greater thickness ef its coats, and. 
particularly by a strong layer of longitudinal muscular fibres. 

In animals^ which have a coecum, this part appears to be merely a 
molongation of the large intestine below the termination of the smaU. 
Yet in some cases, Uie large intestine retains only for a short space 
the same structure which the coecum possessed, as in the flying 
lemur, (jra/eopithecus) the opossum, most of the rodentia and ruminantia. 
In the herbivorous mammalia the coecum is generally large and ceU 
hilar; and it is even so in omnivorous animals, as in man, in the- 
genus simiaf and lemur. In the ruminantia^ where the stomach is 
very complicated, the coecum is of a moderate size, and uniform. It 



* Fallas, Sfidl^^ Zoologieat torn. ii« tab. 3, fig. 1, 8. 
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clluUr in ihe/vi",? lemar and opostum, which are sup- 
nucli on animal subsiances. 



I of the true carnivoroua niamtnalia is consi^ntly sinaQSi 
nd I in its cavity ; and the rest of the large intestine has dW' 

lime ciiar»-lcrB. The large intestine uf tlic herbivora is cellular«< 
excepting the ruminantia and some of ihe rodentia. 

It inay therefore be stated as a general rule, that the existence of' 
k large c<ccum shews that the animal feeds on vegetables ; and tbrt 
Oamivorons mammalia have cither none, or a very small one 

The ornilhorhi/nclius paradojvs and liyitrii have iJie end of the 
rectum forming a cloaca, as in birds. The urinary bladder open 
into this part. The penis of the male is contained within it ; aiA 
die horns of tlic uterus o^n imo it in the female. Home in dw 
Fhilos. Tram. 181)2, pt. 1, of the omitliorliyncliut paradaxtu, pt. % dt' 
the ornithorhync/iui hi/strix. 

^ 113. In most berbivorous h nals of this class, tbe colotf 
b large, long, and divided into cellular compartments. TMC 
is remarkably the case in the < \ant and horse. The la 
intestine of the latter is twen ur feet long ; while, on ^■ 
contrary, in a moderate sized dop . is about sis or eight incbCA' 
The rectum of the latter has stvo transverse folds which coni 
tract it, and render tlie evacuatii of the fjEces difficult. 

In a few instances, as in the iver and sloth, but most re^ 
marliably in the ornithorhynchiis, the rectum and urethra have 
a common termination, which may be compared to the cloaca 
of birds. 

As we have spoken above of the hexoart and other concre* 
tions formed in tbe stomach, we must here take notice of Uie 
iotestinal stones which occasionally occur in horses, and of 
the valuable fi»cal concretions of the pike-headed whale ot 
cachalot (phygeter macrocephahU). 

. The former are commonly of a yellowish grey coloujr ;.fdi 
globular form, shining externally, but of a dead and earthy up' 
tMfarancei when broken, not very bard; and in their ave- 
rage size about equal to a billiard ball, although they have been 
&und as large as a man's head : all these external characters 
vary indeed considerably. The most remarkable circumstance 
Relating to them is their composition ; according to Fourcrqj^s 
and Klaproth's Analysis, they consist in the proportion of one 
half of phosphate of magnesia. They are oftoi found in 
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nullers* horses, which have been fed for a long time with bran 
and mill-dust ; Ihere is usually only one, but sometimes more; 
diey are most frequent in the colon, and have very seldom 
been found in the stomach. They are not discovered in ge« 
neAd" until the death of the animal; but I find an instance, in 
die Epistoke de Re NumUmatica ad Z. Goezium, of a horse, 
which voided a stone of the above-mentioned kind, as large as 
a hen's egg, every month with his faeces. 

'A'lspecies of globular concretions, very different from' 
these intestinal stones, is occasionally found in the colon and' 
coecom of the horse. It is composed of fine vegetable fibres, 
and resembles, on the first view, the balls of the chamois. 
Hence Lafosse, who has described and delineated them, calls 
them tegagropike, by way of distinction from the true intes- 
tinal stones, which he terms bezoar equinum.* Like the balk 
of tlie chamois, they are much lighter than intestinal stones ; 
and two of them are not unfrequently found together, one 
being inclosed within the other. 

The faecal indurations of the cachalot form the valuable* 
substance known by the name of ambergris, which was for- 
merly considered as an animal excrement, but has been sup«> 
posed latterly by some to be a fossile substance, by others to 
be a vegetable resin : its animal origin is now placed beyond 
all doubt* Sir Joseph Banks informed me, that according to 
what he l;ould learn from the English South-Sea whalers, the 
fiaeces of the cachalot, which are nearly fluid in a healthy 
state, are hardened into this ambergris by a kind of constipa- 
dou; .hence it is only found in weak and exhausted animals, 
and the firmest and most valuable comes from such as seem to 
have died of die complaint which it has occasioned* 

BIRDS. 

^ 113» The alimentary canal in birds is much shorter thani 
in the .mammalia; it is also generally shorter in carnivorous 



* See his Cwnd*H%fiptttr%q^,, p. 158, tab. 51. 
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birds tluin in such as derive their food from the vegetable 
kingdom. There is hardly any perceptible external difference 
between the large and small intestine ; indeed, the commence- 
ment of the canal is often larger than the termination. 

^ 114. Most birds have two cosca, which are of considerable 
length in some species of the gallinaceous and aquatic tribes. 
They are characterized in the ostrich* by a remarkable spi- 
ral valve. Some few aquatic birds have only a single ccECum; 
and some, particularly among the birds of prey, want it en- 
tirely. 

^115, The rectum ends in a part called the cloaca, which is 
an expanded portion, containing the termination of the ureters, 
tlie genital organs, and the bursa Fabricii. Tliis latter part 
varies in form in the different species, being oval or elongated, 
&c. ; it is largest in young birds, and is so contracted in older 
ones, that it will hardly hold a millet-seed in an old cock.-f In 
the oslrich the cloaca forms a large spherical bladder; a si' 
milar structure is observed in the goshawk and in the grty 
heron. 

The bursa Fabricii is an oval membranous ba^;, situated at the up- 
per or back part of the cloaca, into which it o|ip)is by a slit-shaped 
aperture. lis size is proportioniito to that of ihe ;inimal ; being one 
inch and a quarter long in the goo.tc, and halt' an inch broad; and 
about a quarter of an inch long in the sparroa. According totha 
accurate observatioDs of Mr. Macartney, its coats ccutain nvmew^. 
glandular bodies which furnish a mucous secretion. (Attitje QM> 
in Rees's Cyclopedia.) 

AMPHIBIA. 

^ 116, We shall take only one species of each of diQ ftre 
chief divisions of this class by way of examples. 

The intestinal canal of the hawks-bill tvitt\e{teatTido careth) 
is five times as long as the whole animal; the small intestine 
is larger than the short portion of large intestine. Both por- 
tions have longitudinal folds internally, and are (x>veved with 
an abundance of mucus, which is the oase in the vluJe draa.: 



• See VBlunieri Hotomia dtlla Stmtir, tab. 2, fig. 1 , 2. 
t S. CoUinj's SyOen if AaaUmf, vol. U. tab. 73. 
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I found these folds so large apd numerous in the rectum, that 
a transverse section of the gut presented the appearance of a 
broad radiated ring. 

That portion of the small intestine which corresponds to 
the jejunum was beset^ in the animal which I dissected^ with 
innumerable small processes, like the appendicuke epiploicc^ 
which are occasionally found in some mammalia. 

*^ 117. In the ringed-snake, {coluber natrix) the whole 
length of the intestinal canal does not equal that of the ani« 
maL The small intestine forms a very considerabley*a/2opfaii 
vahe^ by a prolongation at its entrance into the large. The 
termination of the small, as well as the large intestine, the sto- 
mach, and the oesophagus (which is one third of the length of 

liie whole animal) have longitudinal folds* internally. 

» • 

FISHES. 

• ^118. The intestinal canal of this class, with a very few ex- 
ceptions, is extremely short. In some, as the torpedOff it is only 
half as long as the stomach. However, the passage of the 
chyle, and afterwards of the faeces, through the intestine, is 
lengthened in this, and some other cartilaginous fishes, by a 
spiral valve, j: 

- In the structure and formation of the coats of the intestinal canal 
there are not many differences in the mammalia. True valvula: cotmi— 
venies seem peculiar to man and the monkeys. But the internal sur* 
j&ce of the intestine is always villous, and generally deserves that 
appellation more than in the human subject. Some of tlie camivora, as 
the dogi have very long villi, and this class has, in general, more 
muscular intestines. A considerable number of mucous glands is 
found near their coecum, when they have one. But the seal has these 
glands in greatest number, and most distinct. They form, in that 
animal, a regular and unbroken series through the whole length of 



• See Charas, Nouvelles Experiences sur la Vipere, Par. 1672, 8vo.; and Tyson*! 
Anatomy of a Rattlemake, Philos. Trans, vol. xiii. No. 144. 
' t Lorenzini, Osservazumi intorno alia Torpedine. Fior. 1678, 4to. tab. 2. 

t It is delineated from another species of ray by Swammerdaro, in the 4th edi- 
tion of Bartholin's Anatomy, Lugd. Bat. 1673, p. 297 ; which contains much va* 
laable information in zootomy. PerrauU has represented it in a shark, Essais d$ 
Phygiqiie, vol. iii. 



OM'THt IMTBHTtHAL OAHAI. 

on of tlie Binall intealinc, and are very vUible od bc- 

Kilour. 

eoal of llic intestine forms numerous oblong processes 
7,ot. (Pliilos. Trans. 1801, pi. 1.) 
n the amBll intestine of birtis are remarkably loDg, nu* 

egant. Tlioy are most dUtinct and clearly developed 

vorou) birda. In the ostrich they are rather flat thin 
uhuuib: ni villi, but at the same time long and numerous, so as to 

Sireaent a very elegant structure. The large inteatine of birda is uni- 
bnn on its surface, but tlie ostrich presents a very remarkable devia- 
tion, for its large intestines, which are very long, have Dumeions 
transverse folds like the valvule conniventes of man. 

The inicstioe of the turtle is covered with innumerable thin longi- 
tudinal processea, lying close together, and increasing the surface of 
the gut to a vast extent. These are most numerous in the upper 
part of the intestine, and gradually d oinisli in number below, until 
they cease altogether. In this resp< t they resemble the valvules 
conniventes of man, and the villi of ah animds. For these atructures 
are always most distinct at the commencement of the canal, where 
absorption of the chyle goes on to the greatest extent. As the ali- 
mentary matter becomes deprived more and more of its nutritious 
parts, as it descends in the intestine, a less complicated appiiratus for 
absorption exists in the lower part of the canal, and is sufficient for, 
taking up the small remains of really itritious parts. This circum- 
stance is illustrated in the longitudlna bids of the cetaceous animak. 
At the commencement of the intestine tbere are four or five of these; 
at different distances we meet with four, three, two, one, and lastly 
the surface is completely uniform. 

% 119, The tqipendices pt/loricts (which are ibimd in all 
fishes, with a very few exceptions, as the pike) sometimes opeiti 
at the lower orifice of the stoiaach, but generally at the- com-' 
mencement of the intestinal canal, and secrete a fluid, which 
seems to have considerable influence on the business of diges- 
tion and chylification,* which is performed in these ■■ "'"■»!" in 
a very short time. They have generally the appearance of 
small blind appendices,f and their nimiber varies in the djfl^r- 
ent spedes, from one to several hundred: In some cartila^p- 
nous fishes they are as it were consolidated into a glandular 



* The leading work on this subject is veiy rare. Pan olMra Obtrv. Aaat. Cttit- 
gii pritati. Anutelod. ; which was produced almost ealirel; bj Swunmeidani. 

t iBMMoe, tithe burbot, they a^pew almost like a Gngei. Hence, .tbe part bis 
been called the burba^t hand or foot See Chr. Encelius De R* MttaUiea, 
Fraaoot 1551, p. 341 ; whidi contuns, I believe, the lirtt delineaCuni of the part 
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body,* which has been compared to the pancreas of warm* 
blopded animals. 

INSECTS. 

%'120. Similar blind appendices {vasa varicosa of Swam* 
merdam) are found on the short alimentary canal of several 
insects^ which is particularly distinguished from that of red- 
blooded animals by the want of mesentery* t Some zootomists 
have considered these appendices as small intestines^ others 
as biliary ducts^ and others as lacteal vessels* 

VERMES* 

§ ISl* Several moUusca have these appendices on both sides 
of their short intestinal tube^ as the aphrodite actdeata* 
Those testacea which remain fixed in one situation, have a 
shorter and more simple intestinal canal than those which have 
the power of locomotion. The rectum, according to Poll, 
passes directly through the heart in most of the bivalves. In 
the slug, (Umax) as well as in the similar animal, which inha- 
bits a shell, (helix) the rectum opens on thip front of the lim-> 
bus, close to the air-hole. The leech can hardly be said to 
possess an intestine ; yet it has an anus at the end of the tail, 
from which some little faecal matter is discharged, most of this 
being evacuated by the mouth. The armed polypes have no 
opening of this kind. 

As the part of his work which the author has devoted to the ali- 
mentary canal of the lower orders of animals is very short, and as the 
subject is interesting in many points of view,, it seems right to sub- 
join a somewhat more ample account. 

The simple globular hydatid, which is frequently found in the dif- 
ierent viscera both of man and quadrupeds, has been supposed by 
some to be an animal consisting entirdly of a stomach. Doubts, how* 



* The consequences which may be drawn from this circumstance towards the elu- 
cidation of the business of secretion, have been already pointed out in my Inttk, 
Pkynol, p. 401, edit. 4. 

t On this subject, tis well as on several of the following chapters, the references 
contained in the notes <»ihe 107th and 108th paragraphs may be consulted. See 
also Bamdohr, tAer die Vardauungswerhzeuge der Imeeten, 
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ever, have lately been raiaed, whether thia he really an animaL 
The reader, wlio tviahei to nee the arguments on both sides of the 
queatioD, may consult the " OluKrvniittyu on ihe Manntr in which Hv- 
datiiU grow and multiplu in the Human hody" by John Hunter, M. D. 
in the l«t Tol. of the Transactions of a Society for the improvemmt qf 
Mtdieal and Cliirurgical Knowledge ; and the note to the 83d para- 
graph of lliU work. Even if it were allowed that these bags are ani- 
Rtab, it dues not follow that their cavity is a stomach ; and the at- 
Uehment of the young to the sides would rather justify us in consi- 
dering it as the organ of generation. 

The hydatid, which ia more frequently found in animals, which 
poasesscs a head and mouth like the taenia, enabling it to attach itself 
to parts, and which can be seen to move when placed in warm water, 
is generally allowed to possess an independent vitality. Gut whether 
the bags of water, which form ita body, be a stomach, is certainly 
doubtful. 

The most simple form of an alimentary cavity exists in the com- 
mon fresh-water polype (lii/dra). It appears to be excavated in the 
substance of the body, and has a single opening, situated in the cen- 
tre of the space surrounded by the tentacula. The nutritive matter 
ioaks immediately into the body, and imparts its colour to the 
animal. 

The large masses of gelatine, culled medusa, which resemble in 
form mushrooms, and are found floating in tjie sea, have a aomewliat 
similar structure. A stomach is hollowed out in the pedicle, and 
vessels, commencing from its cavity, convey the nutritious fluid over 
the body. Somedmes the stomach has a simple opening ; in other 
cases there are branching tentacula, on which canals commence by 
open orifices : these unite together to form larger tubes, and the suc- 
cessive union of these vessels forms at last four trunks, which open 
into the stomach, and convey the food into that cavity. This very 
singular structure constitutes a remarkable analogy to the roots of 
trees ; and Cuvier has formed a new genus under an appellation de- 
rived from this comparison; viz., the rhizostotna, from gifn, a rciat, 
aod oYofia a mouth. 

The star-fish {aiteritis) has a membranous cavity in the centre of 
its body, communicating externally by a single opening. Two ca- 
nals extend from this into each of the branches, or as they are Mme- ' 
times called the fingers of the animal, where they subdivide, and form 
numerous bUod processes. 

The tape-worm [tania) has a small canal running on each side of 
its body ; the two tubes are joined together by transverse productions 
at each joint, 

. The aicaria lumbricoides (round-worm) has a simple canal running 
from one extremity of the body to the other. 

The leech {kirudo sanguimga, or medicinalis) has a short aesophagns 
and a very large stomach, divided by numeroua membranous septa, 
which are perforated in the centre. It has been generally supposed 
that this anima] has no anus ; but Cuvier says that it possesses a 
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▼ery small one. (Legons d*Anat, comp, torn. iv. p. 141 ; Diimeri], 
on the contrary, denies its existence. Zoologie Anatomique^ p. 298.) 

The common earth-worm (lumbricus terreslris) has a long canal di* 
vided by several partitions. 

The aphrodite aculeata has an intestine running according to the 
length of the body, and sending off on each side several blind pro- 
cesses which enlarge at their termination. 

In the proper moliusca, besides the stomach, which has been al- 
ready noticed, there is an intestine, seldom of considerable length, 
making some turns in its course ; it passes, in all the acephalous mol^ 
hmcat through the heart. 

The intestinal canal of insects varies very much in the different 
genera and species. It may be stated on the whole, that a long and 
complicated intestinal tube denotes that the insect feeds on vegetables ; 
while the contrary characters indicate animal food. 
. Great difference is found, in some instances, between the larva and 
the perfect insect. The voracious larva of beetles (scarabai) and 
butterflies have intestines ten times as large as the winged insects^ 
which are produced from them. 

In the dragon-fly^ {lihellula) which is very carnivorous, the intes- 
tine is not longer than the body. There is a small but muscular sto- 
mach. 

The orthoptera (which class contains the locusts, &c., well known 
for their destructive powers) have a long and complicated alimentary 
apparatus. They have first a membranous stomach. This is suc- 
ceeded by another cavity covered internally with scales or teeth, and 
possessing a very thick muscular coat; in short, a true gizzard. 
Kound the end of this the coecal processes are attached. There is/ 
lastly, an intestinal canal differing in length and diameter. 

The alimentary canal runs straight along the body in the Crustacea^ 
and is uniform in its dimensions, excepting the stomach. 
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CHAPTER Vlir. 

ON THE LIYEB, 8PLBEM, AKD OMENTUM. 

%122. We may conveniendy conect togetheri in this chap- 
ter, whatever is to be said concerning the liver^ spleen, and 
omentum ; since these parts are connected with each other in 
their functions. 

The spleen and omentum seem to be less constandy found 
in the animal kingdom than the liver, and to be in a manner 
subservient to the latter viscus ; which, on die contrary, exists 
in every class and order of animals that b provided with a 
heart and circulating system.* 

MAMMALIA. 

§ 123. Besides the less important variations in size, colour, 
division into lobes, &c., the liver of these animals is distin- 
guished by two chief differences ; first, in some genera and 
species it transmits all the bile immediately into the duodenum. 
Secondly, in several others a part of this fluid is previously 
collected in the gall bladder. Animals of the horse f and goat 
kind, and some of the cetacea, afford instances of the want of 
this receptacle. 

On the contrary, in some of those which have it, there are 
hepatico-cystic ducts, which convey the bile immediately from 



* On the liver, in the different classes of animals, see N. Mulder De functione 
hepatis, in disquisitione illius visceris nixa, Leyd. 1818; also F. Ebeling De pulmo- 
num cum hepate Antagonismo, Gotting. 1806. On the spleen, see Wilbrand, in 
Oken's Jsis, 1821, vol. vi. p. 543. 

t An enumeration of the mammalia, which have no gall-bladder, will be found in 
F. Trott De vesicula fellea defectu, Erlang. 1822, 4to. Some have considered 
the large hepatic duct of the horse as a gall-bladder. See Sir Thomas Brown's 
Pseudodoxia Epidemical p. 119, ed. of 1672, This might with more truth be said of 
the elephantf where the hepatic duct has a considerable expansion just at its entrance 
into the intestine. (Euvies de Pierre Camper, torn. ii. ch. 4, J 3. 
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the liver into this bladder, as in the homed cattle. It deserves 
to be remarked here, as a peculiarity of the liver of some four- 
footed mammalia, which live in or about the sea, namely, the 
polar bear and some seals, that it seems to possess some poi- 
sonous or noxious qualities when employed for food. Heems- 
kerk's companions experienced this in the former instance at 
Nova Zembla ; and Lord Anson's squadron in the latter, on 
the coast of Patagonia. 

In the ox and sheep the spleen is distinguished . by a pecu-' 
liar cellular* structure from the merely vascular texture which 
it possesses in other animals of this class. Perhaps this differ- 
ence in texture may lead to the discovery of the true functions 
of this viscus, the use of which is at present unknown.f 

Mammalia% alone possess a true and proper omentum ; and 
die part which has been called a spleen in other animals is 
very different in its structure, connexions, &c. from the same 
viscus as it exists in this class. I quote only a single instance 
of the peculiar appearances of the omentum in particular spe-* 
cies ; viz* that of the racoon, {ursus lotor) which has a very 
remarkable structure* It is comparatively large, and consbts 
of innumerable stripes of fat, disposed in a reticular form, and 
connected by an extremely delicate membrane, resembling a 
spider's web* I have also found it particularly large in an old 
lioness. 

The liver of mammalia is in general divided into more numerous 



* Stnkdey en the Spleen, tab. 3 and 4. ... 

' The hepatico-cystic ducts, and the cellular structure of the spleen^ are the move 
worthy of mention^ as they have given rise to errors in physiology* 

t On the singular pustular eruption, which sometimes appears on the spleen of 
hydrophobic animals, as the dog, fox, and cat, see Locher, Magnum lienis in hy* 
drophobia Momentum, Gott. 1822. A similar conformation has been discovered by 
Neergaard in the Racoon, See his Vergleichende Anat, der Verdauungiwerheuge, 
$ 6, fig. 4. 

f See A. G. Stosch De omentis Mammalhtm, partibusque illis nmiUbus alwrum 
Animalium, Berol. 1807. A description of the spleen in many birds, amphibia, and 
fishes, will be found in Moreschi della HKbsa in tutti gli Animali vert^ali, Milan, 
1803 ; also C. F. Heusinger, uber den Bati und die Verriehtung der MHz, Thionv. 
1817. 
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UbiM, Mid the diviNioni nn c&iTicd deeper into its subslanco, than in 
die buDiaii subject. 'I'his is particularly tlie esse in the camirora, 
where the diviaionii of the lobes extend tlirough tbe whole mass. 
But the utility which Monro has assigned to this structure ; viz. that 
of it* blowing tlie parts to yield and glide on each other in the rapid 
motions of the animal, carries very little plausibility with it. {Essai/ 
en eomparaiive Amilomif, p. II.) 

In many Bnimnl;) of thi* class, as tbe horse, the ruminaiiiia, the pa- 
chydermata, and tulialet, the liver is not more divided tlian in man. 

The diictv4 choleiitKliua forma a pouch between the coats of the In- 
teatine, for receiving the pancreatic duct, in the cat and eUphant. 

All the quadrumuna, camioora. and edentata have a gall-bladder. 

Many rodentin, particularly among the rats, want it. The tardi- 
grada; the clqihani and rhinoceros, among the pachgdermata ; the 
genus txruut aiid camelm among the ruminating animals ; the lo- 
lipeda; the trichec-Hi aaiporpoiM also want this part. It does not 
exist in the ostrich and parrot, but is found in all the reptiles. Cu- 
vier thinks that it belongs particularly to carnivorous animals ; that 
it is connected with their habit of long fasting, and serves as a reser- 
voir for the bile. 

All the mammalia which want it, except the purpaise, are vegetable 
eaters; and most reptiles, which universally possess it, live on animal 
ibod. {LeqoM d'Anat. comp. torn, iv, p, 37.) 

The valvular transverse folds of the cystic duct belong only to the 
rimia, besides the human subject. 

The spleen of the omiihurynchus /lyslrix is composed of two lobes ; 
the anterior somewhat long acid thick, the posterior broader and thin- 
ner. Both run obliquely towards the right side to meet at an acute 
angle in the leA hypochondrium. The texture is loose and spongy. 
See Meckel I>e Omitiiorhynelie paradoxo, p. 4S, Lipa. 1820. 

BIRDS. 

% 134. The liver, is much larger in domesticated than in 
wild birds. * It is well>knowii that the gall-bladder is wai^ 
ing in many species of this class, (for instance in the^^voM, 
parrot, &c.) and sometimes in particular individuals of a B|ie« 
cies, which commonly has it, as in the common fotol. 

A roundish lump of fat, which covers the intestines of some 
aquatic birds, has been considered as an omentum. 

The liver of birds is divided into two equal lobes. The hepatic 
duct opens separately trom the cystic, and its termioadon is generally. 



* B. Bobioun On tht Food and DUcliargtt of Hitman BoiiUi, Loiidoii, 174M, 
p. 97. 
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but not always, preceded by one or more pancreatic ducts, and fol* 
lowed by that of the cystic duct. 

The mndus of the gall-bladder receives branches from the hepatic 
ducty but that tube sometimes unites with the cystic, as in the 
duck. 

AMPHIBIA. 

I 125. The liver, in these animals, is universally of consi- 
derable sise ; and in some instances, as the salamander^ of im- 
mense magnitude. I know no species in which the gall-bladder 
is wanting. 

The yellow appendices {ductus adiposis appendices luteas) 
which are found in theyro^, on either side of the spine, above 
the kidneys, and sometimes form one mass, sometimes are di- 
vided into several smaller portions^ were considered by Mal- 
pighi as a kind of omentum.* That this resemblance 13 very 
remote, appears from several circumstances ; and particularly 
from the constant and remarkable variations of size which oc- 
cur in these parts at the pairing season. 

In the tortoise the liver has a peculiar conformation. It is divided 
into two round irregular masses, of which one occupies the right hy- 
pochondrium, and the other rests on the small curvature of the sto- 
mach. Both are connected by two narrow branches of the same 
structure, into which the principal vessels run. In the green lizard^ 
in the geckos^ dragons^ iguanas, it forms only a single mass, flat or 
convex below, and concave above. Its free edge in the dragons has 
two fossae, which divide into three lobes, of which the right is pro- 
longed into a sort of tail. In the geckos it has only one fossa, and 
the right side is also longer than the lefl. In the common iguana it 
extends into a long appendix. In the crocodiles and chameleons the 
liver has two distinct lobes. In the latter it has also a long appendix. 
It has but one lobe in the serpent tribe, in which it is long and cylin- 
drical. There is but one also in the salamanders^ but there are two 
in the frog genus. 

FISHES. 

§ 126. In many animals of this class, the short intestinal 
canal is surrounded^ and as it were consolidated with a long> 
liver. Some fishes, which are almost destitute of fat in the 



• De Otimto $l AOpotit Due^bw, .Oper. torn. ii. p. 35, &c. 
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rest of their body, have an abundance of oil in the fiver; as, 
for instance, the skate and cod. It is wanting in some few 
species. 

The spleen gradually diminishes in size from the mammalia to 
fishes, in the porpoise there are several small spleens ; supplied 
from the arteries of the first stomach'. It is always attached to the 
first, when there are several stomachs. 

In birds it is always near the bulbus glandulosus ; but' does not 
lie constantly very close to the stomach in reptiles ; as it is found in 
the mesentery of the Jrog. Neither is it very uniformly situated in 
fishes. 

The size of the liver is generally very considerable ; its colour is 
iSrequently yellower than in reptiles, and its divisions are as unce^t^n 
as in the three preceding classes, so that they frequently vary, even 
in the different species of the same genus. Its consistence is also 
less compact than in the three classes ; hence its parenchymatous 
texture readily dissolves in spirits of wine, and leaves the vessels of 
the liver exposed. In general its divisions are few ; very frequently 
it only forms one mass, sometimes however it has two lobes, occa* 
sionally three, but very seldom more. 

It rarely happens that the different branches of the hepatic ca- 
nals unite in one duct, they open successively into the gall-bladder 
or its canal, whence the whole of the bile is conveyed into the intes- 
tine. The diameter of the cystic duct is always much larger than 
that of the hepatic, but its size does not increase after its junction 
with the other ducts. In the rays the gall-bladder receives several 
very fine hepatic canals; afterwards the hepatic canal furnishes a 
principal branch, which comes from the middle lobe of the liver, 
and joins the cystic duct at a short distance from its origin. The 
different branches of the hepatic canal unite in the syngnathus pelagi- 
cus into one trunk, which joins the cystic duct. In the tetrodons, the 
hepatic canals have three principal branches, the first of which joins 
the gall-bladder, a little on one side of its neck, and the second and 
third open into the cystic duct, a little beyond its origin. 

INSECTS. 

§ 127. An organ secreting bile, and which may therefore 
be regarded as a liver, is found in such animals only of this 
class as have a heart and system of vessels, viz. in the genus 
cancer.* We have already observed, that the blind appen- 
dices found in several others, have been considered as biliarv 
organs. 

* Willis De Anima Brutorum, tab. 3. Rosel, vol. iii. tab. 58 and 59. 
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The large adipose substance which occupies the greatest 
part of the body of larvse, and of several insects, has appeared 
to some zootomists to resemble the omentum.* 

VERMES. 

§ 1S8. The organs which secrete and contain the fluid of 
the cuttle-JUh have been regarded as of a biliary nature. 
Thus, the mytis has been called the liver, and the ink-bag 
the gall-bladder .f 

Several tesiacea, particularly among the bivalves, have a 
liver surrounding their stomach, and pouring its bile into the 
cavity]: of that organ. In many snails it occupies the upper 
turns of the shelL§ 

A liver exists in all the mollusca, and is very large ; but this class 
has no gall-bladder. The liver is supplied with blood from the aorta, 
and there is consequently no vena portarum. 

It is a completely mistaken notion, that the black fluid of the 
eutile-fah is its bile. The ink-bag is indeed found between the two 
lobes of the liver in the sepia octopus ; and in front of them in the 
cahnar; but in the common cuttle-fish, {sepia officinalis) it is at a 
considerable distance from this organ. 

The real bile is poured, as usual, into the alimentary canal. 

In the gasteropodous mollusca, as the snail, the liver is very large, 
and consists of several lobes, having each an excretory duct. They 
surround the stomach and intestine, and open by several mouths into 
its cavity. The aplysia, onchidium, doris, &c. have a similar struc- 
ture. 

In the acephalous division of this class, it surrounds the stomach, 
and pours its secreted liquor into that cavity by many openings ; the. 
oyster and muscle exemplify this. 

The proper worms, (vermes of Cuvier) the echinodermata and 
zoophytes have nothing analogous to this gland. 

The author has entirely omitted speaking of the pancreas in this 
part of his work ; probably because there are no remarks of much 

* Lyonet, Anatomie de la Chenille^ &c. tab. 5 and 12 -, and Treviranus, fiber den 
innem Bau der Arachniden, tab. 1, fig. 8. 

f Compare the representations which have been given by Swammerdam, Turber- 
vilie, Needham, and Monro; and Tilesius De respiratiane Sepim officinalis, tab. 1, 

fig.l. 

I See Poli, vol. i. where he represents this fact in several of the testacea. 

$ Swammerdam, tab. 5 of the helix pomatia; and Sal. Stiebel, Limnei amnalis 
itagnalis Anatome, Gotting. 1815. 
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importance or interest to be made on tbe subject. The structure of 
Ibis gland in the mammalia, in birds, and in reptiles, is tbe same, on 
the whole, as in Uie human subject : ita form and size, its colour and 
consistence, and its division into lobules, exhibit same slight and 
unimportant variations. 

The termination of its duct or ducts is distinct in birds from that 
of the ductus ehoUdochus, In the mammalia they generally open to- 
eetlicr, or there is a branch terminating in the ducita choledocktu, 
and another opening into the inlestine, as in tlie dog and elephant, ot 
they may be quite distinct, as in the hart, porcupine, and marmot. 
They may be separate or distinct in difTereut individuals of the same 
species, as in the moitkiys. 

The skate and shark have a pancreas similar to that of the three 
first classes of red-htooded animals. In other fishes the situation of 
this organ la occupied by the cacal appendkes or pyioiic caca ; which 
afford a copious secretion, analogous, no doubt, to ilie pancreatic 
liquor. {These are mentioned in § 1 10.) The internal surface of 
these tubes becomes very red on injection, and possesses a glandular 
and secreting appearance. 

The appendices, which form separate tubes in moat fishes, are 
collected in tJie nurgcon into one mass, which is surrounded by mus- 
cular fibres In this body, which has a very manifest glandular 
structure, the tubes join together, and open into the intestines by 
three large orific«B. 
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ON THE URINARY ORGANS. 



1 129. Xh'sss emunctory organs do not exist in several anl* 
mjf wliich huve a biliary apparatus. They are confined to 
fte ¥ed4)lood6d cl^ases; all of which have kidneys. While 
fKiin^ orders and genera have not an urinary bladder. 



MAMMALIA,. 



'■■ 1^ 180; In isotne animals of this class, as the bears,* the kid- 
9^ resembles a bunch of grapes, being composed of several + 
siun. and distinct portions, which are connected by means of 
tbeir blood-vessels and ureters with the common trunks of 
fhosQ vessels* In many of the palmata, as the seal and the 
<il^^ the renal veins form a kind of network, the reticulations 
9f which intersect the furrows between the mammary pro- 
cesses on the outer surface of the kidneys. The suprarenal 
gl&nds, (glanduicB suprarenales) as their name implies, are 
in&nately connected with the kidneys ; but their functions, as 
w^H as those of the thyroid and thoracic glands, still remain 
uaIp[iown. They appear, from the latest anatomical re- 
searches, to have a great sympathy with the sexqal organs.^ 
The urinary bladder is more loose § in the abdomen of most 
quadrupeds than in the human subject. It is comparatively 
tHBich ssnaller in carnivorous than in herbivorous animals ; and 
•If particularly large in the ruminating bisulca and the hate^ ■'- 



- > .; * • 



* EosUcliii Tab, Anat, tab. 4. 

t In the ^r there are fifty or more, see H, F. Fleming, Deut8cher Jager. 
Uprig, .1719, p, 126. 

t See J. F. Meckel's Ahdandlungen aus der menschlichen und vergleichendgn Ana', 
ttmrie: Halle, 1806. 

§ Vesalii Anatomicarum Fallopii Obsen'otionum ExameUf p. 126. Biolam Anthrom 
pographiaf p. 241. 
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Urinary stones, often of very considerable size, are found 
not uniVcqucntly in horses, whose tiitestinal concretions have 
been already noticed. Their composition differs considerably, 
according to the investigations of Fourcroy and Vauquelin, 
from the urinary stones of man ; since they contain neither 
phosphoric nor lithic, but carbonic acid. 



The structure of the kidney in mammalia displays two very oppo- 
tite varieliei, which may he called the simple and the conglomerate 
kidneys. In ihe former there is a single papilla, which is surrounded 
by an exterior crust of the cortical subsiance. This is the caae in sU 
the Ji;rce ; and in some other animals, as many rodeniia. The other 
kind of kidney consists of an augregation of small kidneys, connected 
by cellular substance. It appears that this form of the gland is found 
in all those mammalia which either live in, or frequent the water. 
1 have observed it in the ieal and porpoUe, where the small kidneys 
are extremely numerous, and send hranches to the ureter without 
forming a pelvis. Mr. Hunter states that it belongs to all the 
whales. (,Phi/03. 'Iraju. 1807, pt. 2.) The oiler has the same airuc- 
ture ; but its small kidneys are not so numerous as in the animals 
■bo ve -mentioned. (Home, of the lea-oua; {latra marina). Plsiioi, 
Trant. 17!*0, pt. 2.) It is remarkahle that the brown bear, (wrsws 
arcloi) which lives on land, should have this structure as well as the 
white polar bear, {urms maritimui) which inhabiting the coasts and 
floating ice of the northern regions, spends much of its time in the 
water. Mr. Hunter (^/oco citato) concludes, that it is because Nature 
wishes to preserve an uniformity in the structure of similar animals. 
But the badger, (ursus vidcs) which is a very similar animal, has the 
uni-lobular kidney. The number of small kidneys in the bear is'60 
or 60 ; and it appears that each consists of two papillie. (See the 
account of the dissection of a bear, by the French Academicians; 
which is also given in Blasius's Collecuon, Anatom. AnimaL tab. S3, 
fig. 2, 3, 4.) 



1 131. The kidneys* of this class (with a few exceptions, 
as the cormorant, &c.) form a double row of distinct hut con- 
nected glandular bodies, placed on both sides of the lumbar 
vertebrse, in cavities of the ossa innominata; one of the most 
instructive examples of the remarkable analogy between the 
structure of the secreting viscera, properly so called, and tbe 



* Alofs. Galvani in the Caminnt. Initit. Bmmitm, U 
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conglomerate glands.'^ The urinary bladder is wanting in 
the whole class^ and the ureters open into the cloaca-i* 

AMPHIBIA, 

§ 132. Animals of the genus testudo and rana have an uri« 
nary bladder, which is double in many of the frogs, properly 
so called. The crocodile, on the contrary, and several true 
Uxards have none. The same remark applies to the serpents, 
in whom the ureters open into the cloaca.j: 

The two large bags, which the author, and also Cuvier {Leqons 
d^Anai. jcomp, torn. v. p. 237) represent as urinary bladders of the 
frog and toadf are stated by Townson to have no connexion with the 
ureter. Indeed It is very clear that the ureters open at the posterior 
part of the rectum, while these two receptacles terminate on the front 
of that intestine. (See his Tracts and Observations^ p. 06, tab. 3.) 
He states that the fluid contained in these reservoirs is a pure water. 
The size of these bags, which exceeds all ordinary proportion to the 
bvdk. of the kidney, renders it likewise probable that they are not 
receptacles of urine. Either of the bags is at least twenty or thirty 
times as large as the kidney* 

)?'Isn£S. 

% 133. The glandulae suprarenales are wanting in this class; 
and they seem therefore to be confined to such animals as 
breathe with lungs. Although we cannot perceive of what 
use an urinary bladder can be to fishes, and animals which 
live in water, several genera and species have one. 

* See Blumenbach's Elements of Physiology, by Dr. Elliotson, § 470 and 471. 

t See Fink De amphibiorum systemate Uropoetico, Hal. 1817. J. Davy, in the 
PhiL Trant, 1818, pt. 2, p. 303. 

^ See Schreiber in Gilbert's Annalen, 1813 ; and J. Davy,, in the Phil, Trans, 
1621. 
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ON TUB EXTERNAI. INTEOUMENTS. 

^ 134. Among the various objects and fuDctions of ihe com- 
mon integuments, as they are called, one of the most import- 
ant, and most general, in red-blooded animals, is the office 
which they perfoi-m as eraunctory organs. Hence we may in- 
troduce here with propriety what we have to say on the sub- 
ject. 

§ 135. The basis of all the other coverings con«sts in the 
proper skin, {cutis vera) which is common to the four classes 
of red-blooded animab, and may be regarded as the condensed 
external surface of the cellular substance, with nerves, blood- 
vessels, and absorbents interwoven in its texture. This is 
covered externally by the cuticle, which is very uniform in its 
structure, at least in such animals as breathe by means of 
lungs. The rete mucosum lies between these; but it can 
only be shewn, as a distinct layer of the skin, in warm blooded 
animals. Lastly, the cuticle is furnished in the different 
classes with peculiar organs for the formation and excre- 
tion of pardcular matters, viz. hmrsin maminaSot/eatiffn m 
birds.* 

The epidermis of the cetacea is quite smooth ; and marked ffltb 
none of those lines which are so often seen in the other mammlsfiB. 

It is detached from the surface, in the form of small scales, in-ifl 
the mammalia, exc^t the whales; and in some this happens chiefl; 
at the season when ^eir hair is shed. It gives the skin a bramiy ap- 
pearance. 

It is in the rete mucosum that the colour of the skin resides \ but 
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this part posfiiesges, in very few instances, any brilliancy of colour 
in the mammalia. It is of a beautiful red and violet on tne nose and 
buttocks of some baboons ; and silvery white on the abdomen of the 
ceiacea. It is remarkably thick on these animals ; being about the 
sixteenth of an inch on the back, and such parts as are of a black co« 
loqr. 

The vascufar net-work, says De Blainville, in the work referred to 
by Bhimenbaeh, which is situated immediately over the cutis, occu- 
pying its whole sur&ce, is in general of an exceedingly thin texture } 
It is formed entirely of arterial, venous, and l3rmphatic vessels, which 
undergo many complex ramifications and anastomoses ; this net-wortr 
k spriead over the projections situated on the surface of the cutis. The 
pigmentuM does not perhaps exist in all am'mals ; it forms at the sinr«» 
fiuse of the vascular net-work a layer more or less defined, of slight 
consistence, semi-fluid, and in effect composed entirely of very mi- 
niite grains, agglutinated to each other, without any organic conti- 
nuity between their own particles or with the other portions of the 
skin 4 it is a sort of artificial membrane or depository, which is va- 
flously coloured, and which seems to }}e exhaled by the parietes of 
ihe veins. This pigmentum and the vascular net- work are bbth crossed 
by the nervous extremities which meet at the sur&ce of the skin, Some* 
times under the form of papillse. These two parts of the skin are 
those^ which) since the time of Malpighi, have been' known by the 
name of Malpighi's net- work, corpus reticularcy reticHtutn hwcosum, on 
account of the sort of net-work which they form for the passage, n6t 
only of the nervous papillse, but also of th6 accessory jNurts. Th^ 
are both in my opinion, says De Blainville, the source of the cotour** 
ing. matter, and the pigmentum is the depository of that matter. 

The colour of the skin is different in the inhabitants of different 
countries; in some it is white, in others brown, yellow, red, and 
Uack. This variety depends on something peculiar ip. the constiti|h 
tjiHi, and in no way on climate ; it arises just from the same cause 113 
the difference in the colpur of plants and animals. This is jproved 
by the fact df tiie Negro and American children being bom with iSbe 
eolour peculiar to the respective races, as well as by the peculiar 
organieation of the skin. Humboldt says, that the children in Peru, 
Quito, on the coast of the Caraccas. on the banks of the Orinoco, 
and in Mexico, are never white at the time of birth ; and the Indiaii 
caciques, who are well provided for, and live in houses, are of a 
reddish brown, or copper col^our, dl over the body, with the excep- 
tion of the palm of the hand and sole of the foot. Vid. Rudoiplu'ib 
Fhynology^ by Dunbar Howe, § 43. 

MAMMALIA. 

§ 136. The cutis of this class varies infinitely in thickness. 
It U Extremely thin and delicate in the wing of the bat^ and on 
the contrary exceedingly thick in the rhinoceros, elephant^ 8cc. 
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also in ihe web-footed animals, particularly the walrus.' Tlie 
form of the papillte on its external surface is very various in 
the different animals of tills class, aa, indeed, in different parts 
of the same animal. They are sometimes threadlike, as on the 
paws of the bear, and are very elegant on the teats of the true 
whale {baltena mysticeius). I have also observed this in se- 
veral macacos {^simia cynomolgus) and mandrils (papio wtn- 
mon). 

The colour of the tete mucosum varies, even in individuals 
of the same species, as in the different races of mankind. It t9 
thickest in some cetacea. 

I have had an opportunity of examining the skin of the ce- 
tacea in a baltena boops, and in a dolphin {delphinus delphit). 
In both the rete mucosum was very thick ; but by no means 
equal to the breadth of a linger, as is represented in a whale of 
uncertain species in the Museum Gaubianura.+ 

In some spotted domestic animals, particularly the sfieep, 
rabbit, and dog, there is a remarkable connexion between the 
colour of the palate, and even sometimes of the iris, and that 
of the skin ; for spots of similar descriptions are found in 
both part54 

The cuticle is often of very unequal ditckneas in particular 
parts, from the different purposes to which it is desdoed. 
Thus it is very thin on the pcants of the fingers in apes and 
baboont, when compared with its great thickness where it co- 
vers the callosities on which they sit. In various mulimtgtda, 
particularly the elephant, it forms a kind of homy processes,^ 
lying close together in several parts of the body< But diffe- 

* HeDce,UicoIdNarmuuu>ed to make their ilmoitimperisbable cables franlbe 
ikin of this aniiaal. See J. Spelmui, FUa Xlfridi ma^ Anglanaa Stgit, f. !0S> 

t See Mia. Caubuin, 1783, p. 14. 

t See UDong other woriu, Schneider's additions to hii Germui tranglalioa at 
MODro'i Fhgtiiilogy of Fidia, 

$ These processes, as I ohserred ihem on (he proboscis of the elephimt, appeirad 
ttrj Mmilu lathe waily cuticle of the two English pormjjine- mm, whom I Mir se- 
veral ;eaii ago, and which has been well described b; W. G. Tilesini, io his Kw- 
gn^h tier dit btidn ugnwntm Stadultchvmnmauchm <nu der Famtfie iimirf. 
Altenb. I«03, 
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fences of this kind are too numerous to admit of their being all 
noticed in this work. 

Villiy or papillse of the skin are found on those parts which corres- 
pond to the toes and fingers of man. They exist also on the trunk of 
the elephant, and on the snout of the mole and pig. 

The cutis of mammalia is much thicker on the hack than on the 
heOy. 

§ 137. Hairsi at least single ones, are found in all adult 
mammaliai even without excepting the cetaeea. In various 
states of thickness and strength they constitute every inter- 
mediate substance, from the finest wool to the strongest quills 
of the porcupine. Thick bristles, and hairs, as they are found 
for instance in the tail of the elephant and other animals, re- 
semble horn, or fish-bones in texture; while, on the other 
hand, both these substances may be easily split into a kind of 
bristles. Hairs are commonly cylindrical; some, however, are 
broad with twt> sharp edges ; as in the toes of the omithorhyn" 
chus and the common porcupine. Others, as the whiskers of 
the seal,^ are also flat, but have rounded and denticulated 
margins, so that they have a kind of knotty, or jointed appear- 
ance. Something, similar may be observed in the hair of some 
cloven-hoofedf animals, and most remarkably in that which 
Covers the scent-bag of the musk (moschus moschiferus)* These 
are at the same time filled with a very loose medullary tex- 
ture, and consequently very brittle. Some are thick and firm, 
but perforated by a narrow tube, which runs through their axis, 
as the long stifi^ whiskers of the phoca ursina. The hairs on 
the tail of some species of porcupine are entirely hollow, like 
the quill of a feather. 

The hair is the most incorruptible part of the body, and 



*' Albini Annotat, Academ, lib. 3, p. 66. 

t In consequence of a degeneration of the fonnative impulse^ which seems to re- 
side chiefly in an unnatural formation of the skin, the hair of the human subject 
may assume an unusual appearance, similar to that of some quadrupeds, particu- 
larly of the goat and deer kind. This was the case with a woman from Triers, who 
was shewn here, as well as in many parts of Europe, in her seventeenth year. See 
Layater's Pkytiogmm* Fragmente, part 4, p. 68. And the supplement to BufTon, 
vol. iv. p. 571. 
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possesses in great perfection both kinds of repn^octive 
power; viz. the natural, which takes plac^ in a healthy state, 
and the extraordinary, which is exerted, after an accidental 
loss.* It is electrical in sone species, and serves in those iani- 
mals which possess much of it, as a mode of excreting ^vq^- 
flttous phosphoric acid.'f' 

There are secretions from the integuments in some spedes 
of mammalia, manifesting themselves by peculiar smells, whfch 
ootistilute specific characters in some of the horse land ddg^ 
kind, as completely as the national smell of certdui vairtetfes trf 
the human race.j: ' - 

The skin secretes a matter of peculiar odour in some races^ ** The 
Peruvian Indians," says Humboldt, {Political JSssaj/, i. 245^ *' who in 
the middle of the night distinguish the difiereht rates by tneir qmcK 
sense tof siiiell, have fouhd three words to express the odour of the 
European, the Indian American, and the Negro ; they call the first 
pezuna, the second posco, and the third graco." H^. adds, *\ that the 
casts of Indian or African blood preservie the odour pechiliar td the 
GUtaueoos transpiration of these primitive race^."' 

The following quotation from the 2d chapter of the audior's Ma* 
nual qf Natural History (Handhuch der Naturgeschichte) explains the 
terms made use of in the foregoing paragraph, represents' the sub- 
ject in an interesting point of view, and contains the result of some 
curious experiments. . 

In speaking of the growth of organized bodies, we must notice 
their power of reproduction — that wonderful property of restoring 
or renewing parts that have been mutilated or entirely lost. This is 
one of the wisest provisions of nature for guarding animals and plants 
against the numerous dangers by which they are surrounded. Hence, 
when viewed in connexion with the system of growth altogether, it 
constitutes one of those grand characters which distinguish the ma- 
chines that proceed from the hand of the Creator, from all the pro- 
ductions of human skill. The springs and wheels of mechanical in- 
struments have no power of repairing themselves when injured or 
worn ; but such a power, in different degrees, is imparted to every 
animal and plant. 

x\t different periods of the year several organized beings lose by a 
spontaneous and natural process certain parts of their body, which 



* Blumenbach's Manual of Natural History, by Gore, p. 27. 
t Fourcroy, Systeme des Connoissances Chirurgiij^ies, vol. ix. p. 270. 
X I have said more on this subject in the third edition of my work De Generis 
Humani Varietate NativOf p. 163. 
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are subsequently renewed. Examples of this occur in the bU of the 
stag's boms ; in the moulting of bu^s ; in the renewal of the cuticle, 
of serpents, and of the larvae of insects, and that of the shell of the 
Crustacea ; the fall of the leaves of trees, &'c. This may be called 
ordiiMir^ or itA^uro/ reproduction;' 

The second, or extraordinary kind of reproductive power is that 
by which wounds, fractures, or any accidental mutilation or loss ot 
parts of an. organized body' are remedied or restored. Man indeed, 
aiid'sudi animals as are nearly allied to him, possess this property in 
a.vprylimited degree, while its strength and. perfection are tnuy asto<J 
,Jn sever^. cold-blooded animals, as the water-newt, the crab 
and lobster, snails, earth-worms, (lumhricus ierrestris) sea-anemonep, 
(acHnia) the starfish, (asterias) fresh-water polypes, [hydra) &c. 

Some experiments on this reproductive power require a hand ex- 
ercised in such employments, together with various precautions, and 
a favpurable combmation of circumstances, for their success. Hence 
personsr must be cautious in concluding against the truth of any state- 
moit, because their own experiments do not succeed. After sdreial 
firuitfeas atteiaptson this subject, I have latdy succeeded in observiiig 
the reproduction of the whole head of the snail, (jkdix pomatia) with its 
four borns ; which occupied about six months. 

I preserve in spirits a large water-newt, (laceria patustris) firdnt 
wlnebj extirpated nearlv the whole eye several years ago. All the 
humours were dischargea, and then four-fifUis of the emptied coats 
were cut away. In the course of ten. months an entirely new eye-ball 
was fdrmed ; with cornea, iris, crystalline lens, &c. ; and this Is only 
distinguished from the same organ on the opposite side by being, 
smaller. See the Gotiingen Literary Notices for 1787, pp. 28, 80. 






BIRDS. 



%. 138.' The integuments of birds have the same threepavts 
with those of mammalia. Some are furnished with ^ hair in 
particnlar situations ; as the vultur barbatus, the raven^ and 
the turkey. Others, as the cctssovbary^ have long spines like 
fisll-bpnes in their wings, which approach in the tubular stmc- 
turei of their roots, to the formation of feathers ; the universal 
and .peculiar, covering of this class of animals. The particular 
di£ferences in the formation of the feathers are innumerable.* 
Among the most remarkable are the small scale-like feathers 
{squamuke dUaUs) ot the penguin^s wing; and the homy, flat, 
and pointed processes on the tip of the neck, and wing-feathers 
of the common fowl in its wild state; and on those of the Bo- 



>««• 



* See NitC8ch*8 Pten^imphi/Kh* Fragmente, in Voigt's Ntu. Magtmn,il p. 393^ 



MO ON THE EXTERNAL INTEGUMENTS. 



I 



chatterer (ampeUs garrulus). Several birds in differ* 
ent orders have two or more feathers arising from a common 
quill. 

In a young oHrich, which had just quitted the egg, and which 
now lies before me, there are as many as twenty feathers on the 
back, proceeding from a single barrel. 

In the encysted tumours of the ovaries, large collections of 
hair are not unfrequently found, and in the thoracic and abdo- 
minal viscera of tame geese and ducks preternatural formatioin 
of feathers, covered over with a kind of fat, are also met with.*. 

The periodical renewing of the feathery covering, at what 
is called the moulting season, takes place in a short space of 
time, and comes therefore more under our observation than 
the change of the hair in mammalia. This process has afford- 
ed a very interesting physiological remark, which has been 
often made in several species of tiiose birds in which the male 
and female have different plumage; viz. that as the latter 
ceases in her old age to lay eggs, she obtains the male plu- 
mage. 

Lastly, the integuments of birds serve the office of emunC' 
tory organs, which is proved even by the process of moultiug, 
as well as by the separation of peculiar matters from the skin. 
Thus the cockatoo, {psittacus crUialua) as well as some other 
species of ptittaci, and several birds of different orders, have 
a large quantity of white mealy dust discharged &om their skin; 
particularly at the puring time. 

AMPHIBIA. 

J 1S9. The very various mteguments which are found in 
the di^rent orders and genera of this class, consisting of 
shields, rings, scales, or simple skin, are covered externally 
with cuticle, which is frequently separated in many of these 
ammals, as in the mate, forming what is called snakes-shirt 
{leberit, senecta) and water-newt. 

* Sinular cuei kn meatiooed in Hurow'a Seitenhaien, b, t. t. 265. Penidi 
Outnm.lmimoritAtutaiii. Pad. 1800; tni Otio StUmm Btabaehtungmmr Aar 
tamt. Brad. IB16. 
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The process of separation is repeated every week for some 
time in the latter animal, particularly in spring and autumn- 
Some^ which have small fine scales^ as the chameleon, or a sim- 
ple skin, as some frogs^ change their colour occasionally, either 
from difference in the light or warmth, or from the effect of 
their passions. 

The skin of the frog and toad does not adhere to the subjacent 
parts, as in other animals, but is attached to them only at a few 
points, and is unconnected elsewhere ; so that it may be compared to 
a bag containing the animal. 

The reflection of coloured objects on the glittering scales of the 
chameleon, probably gave origin to the fable that its colour is regu- 
lated by that of the bodies near which it is placed. 

FISHES. 

$ 140. All fishes, without exception, are covered with 
scales, which are bare in those which inhabit the open sea, 
but on the contrary are covered with a mucous membrane in 
those which live on coasts, or in fresh water. It is remark- 
able that the colour of the skin in some fishes, as for instance, 
the mullet, {mullus barbatus) depends on that of the liver.*" 
The scales are not changed like hair and feathers, but are pe- 
rennial ; and are said to receive yearly an additional layer to 
their laminated texture, from the number of which the age of 
the animal may consequently be determined. 

Th» lower orders possess in general an epidermis. In the teUacea 
it usually covers the surface of the shell, and obscures the brilliancy 
of that part until it is removed. It may be seen by plunging a snail- 
shell into boiling water. It is very thick and villous in some species, 
as in the area pilosa. 

Crtistacea have it ; also insects, both in their perfect and. larva 
states. It is shed in the latter several times before the change to the 
state of chrysalis ; seven times in most of the buUerflies and bom" 
byces. 

It is very distinct in the vermes, as in the common earthworm and 
leech, which often shed it. In the iipunculus saccatus it is loose and 
not adherent to the surface. 

Hairs are formed in small bulbous bodies implanted in the true 
skin, and grow from their base. 



* Santorini Ob$. Anatam, Venet. 1724, vol. iv. p. 4. 
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If one of the large hairs, which grow on particular parts of some 

.animals be examined with glasses, its surface appears grooved, as if 

it were composed of several filaments ;. and one or two canals are 

discovered in the substance of the hair, containing a kind of fluid, 

which has been called the medulla. 

In the heds;cfiogf porcupine^ &c. these filwsients are covered with a 
layer of horny substance ; and the cavity is filled with a white spongy 
matter. 

The colour of the hair is influenced in great measure by that of the 
jrete-pHicosum, and this circumstance is particularly observable uithe 
^lunan subject. Its texture is much modified by climate a^d, mode 
of life. The dog in Siberia, and the sheep in Iceland, are covered 
wit^ a kind of long and stiff* hairs, while the same animals, in very 
hot countries, as in Guinea, lose this covering altogedier. A species 
of gxmt furnishes the long and silky hair which is manufactured into 
the valuable shawls of Cashmere. The cat^ rabbity and goat, are co- 
vered with a very long and peculiar kind of hair in Angora, a small 
district of Asia Minor, and the superior qualities of the Spanish wool 
are well known. 

This seems to be the proper place for considering, in a cursory 
inanner, the other insensible parts, which are found on the sur&ce of 
-the body. 

The, horns of the mammalia are generally formed on processes of 
the frontal bone, which they cover in the manner of a sheath, as a 
glove does the finger. They consist of a solid, insensible, and elastic 
substance, which in many cases has a fibrous appearance, as if it were 
composed of an aggregation of hairs. This structure is most parti- 
cularly remarkable in the rhinoceros, where the horn is solid, and 
situated over the nasal bone. The fibres analogous to hairs are very 
distinct, arid are observable at the base of the horn, detached from 
its substance in the form of bristles. The mass of the horn is entirely 
pervaded by innumerable pores. 

In those animals which have a long process within the horn, the ps 
frontis begins to form a tubercle, about the seventh month of concep- 
tion. This being gradually elongated, elevates the integuments, which 
become callous, and harden as the horn is lengthened. Between the 
bone and the latter part a soft vascular substance is interposed, from 
which the horn is produced by means of successive additions to its 
base and internal surface. 

The nails and claws of animals are formed just like horns, they co- 
ver a process of the last phalanx, which is analogous to the frontal 
process of the horn, and grow from the root or base, to which the in- 
teguments are attached, while they wear away at the loose edge. 

The hoof of the horse, ass, &c. is a horny covering of the last pha- 
lanx ; similar, in its structure and formation, to the parts just men- 
tioned, but including the whole of the bone. Its internal surface, in 
the horse, is formed into a vast number of thin plates, which arc 
placed alternately with corresponding laminae of the vascular sub- 
stance, and constitute a most close connexion between the two parts. 
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This union is so firm, that, when the inferior portion of the hoof has 
been removed, a horse may be trotted roughly without the foot being 
separated from the upper part of the hoof. 

The body of a bird which hai^ just quitted the egg is covered with 

hair instead of feathers. Fasciculi of hairs are produced from oae 

common bulb, which is the rudiment of the future feather. In a few 

days a black cylinder appears, which opens at its^ extremity, and 

gives passage to the feather. The opposite end receives those blpod- 

t^sels, which supply the vascular substauiCe in the barrel of the fea- 

\ ihj^r ; when the stalk of the feather has received its complete giroipr|h 

. U^is vasLCular body is dried up, and presents the well-known app^i^^- 

'ance in the barrel of quills. 

The parts which have just been described, as well as the epiderqusy 
and the scales, or rather hard coverings of reptiles and fishes, poasefs 
neither vessels nor nerves ; and therefore the whole superficies of an 
animal's body is really insensible, and constitutes a dead medium^ 
through which impressions are conveyed to the subjacent living parts. 
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{ 141, It is necessary that we should take notice of a 
org&ne destined for the secretion of peculiar fluids, the use rf 
which is not hitherto sufHciently determined. These occur 
in particular classes, or in certain genera and species of ani- 
mals, and may be most conveniently considered here, at dte 
end of that division which treats of the natural functions.* 



^ 142. Besides the well-known salivary glands, there is an- 
other, which has been described by Nuck in the orbit, par- 
ticularly of the tlog, and some other predacious animals, whidi 
has an excretory duct opening near the last tooth of the up- 
per jaw.-f- Professor JacobsonJ has described a remarkable 
secreting gland, which is situated in man and in many other 
mammalia, and probably in all birds, on the external side of 
the nostrils, the excretory duct of which opens at the anterior 
extremity of the lower concha. He names this organ after ifs 
illustrious discoverer, la glande nasale de Stenonit.% 

§ 143. Both sexes of both species of the elephant, viz. 
the African and Indian, have a considerable gland y at the 
temple, between the eye and meatus auditorius, secreting in the 
rutting season a brownish juice, which is discharged through 
an opening in the skin.l 



n Meckel's Arthntt, vol. ii. p. 1 13. 

t Nude, Siatogn^laa, tab. 3 uid 6, 

t ButUtin it Satosa it la Soei^tl phUamatiqut, for April, 1813. 

$ SteuHiii OtBTWI. Anatimit, J66S, vol. lii. p. 106. AnaJym da tmuw it 
la Sodtii TOtriniure dt Coptnhagtit, 3 Report, 1815, 4 ; nnd Nitiach, in Medel'l 
JfcUw., TOl. *i. p. 234-269. 

I Sec the Hiibiire da ^nuunu of the Puingia academiciaDi, part 3, p. 138 ) toil 
Cimper'eplata on the mutom; of the elephant, tab. 10, 11. 

f Tbii dicimutknce bu been lematked of old, and hai been noticed in die 
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, As far as regards the structure of the organ, this secretion 
resembles most that of the gland placed at the back of the 
Mexican musk-hog, or pecari {sus tajafu). 

This remarkable gland is found on the back of the animal, over 
the sacrum. It is of a considerable size, (between two and three 
inches long, and above an inch broad) and is composed of several 
lobules, whose ducts join into one canal, which penetrates the skin* 
It fuinisheB a secretion of a very pleasant musk-like odour, from 
which Tyson denominated the animal apcr mo9chtferu$. The openii^ 
<^ this part on the back has been described by many authors as the 
navel. (Bartholin. Cent. % Hist. Med, 06.) 

■; TysQn in the Philos. Trans. No. 153, or in his workSf London, 4to. 
1761, with a good delineation of the gland. 

$ 144. Several ruminating bUidca, and the hare, have on 
the outer side of the upper jaw, near the ossa nasi, sebaceoum 
sinuseg, which have received that name from the adipose and 
viscous substance which is separated there in great abun- 
dance in some animals, and which is well known in the stag, 
where it is supposed to be of a lacrymal nature.* 

$ 145. In most of the ruminating etminab, and in the hare, 
there are cavities in the groins, near the genitals, called by 
Pallas antra inguinalia, and containing a strong-scented seba^ 
ceous substance secreted from glands which lie under the in- 
teguments.f 

§ 146. Some other mammalia have pouches on the abdo- 
men, covered internally with a fine hair, and containing fatty 
secretions of peculiar odours. Of this kind are the bags near 
the anus of the badger^X and that which contains the teats of 
the female marsupial animals.§ 

Indian Mythology. See Wilford, in the Asiatic ResearcfiM, vol. iii. p. 443 ; it is 
noticed also in Strabo. Compare Beaulieu, Voyage aux Jndet Orientales, p. 105, (in 
the collection of Thevenot the elder, vol. ii.). J. W. Heydt's Oslvnd. SchauplaU ; 
and particularly A. W. Schlegel's Indische Bibliothek, p. 16f5. 

• Vide Pb. Seifert SpieUegia Adenologiea. Berol. 1823, 4, p. 13, tab. 3. 

Y. Y. Wepfer, in E. N. C. Dec. 11, a. b. Obs. 118. 

Chabert and Heron, in the Journal de V Agriculture, &c. May, 1778, p. 87. 

f Wepfer in the same collection, Dec. J. A, 3, Obt. 167. 

X J. GottL Walter, in the Mimoires de I* Ac, det Sc. de Berlin, 1792. 

$ The yellow matter contained in this pouch was compared by Tyson with^that 
which is secreted in the axilla of the human subject. PlUt, Trane, voL zx. p. 120. 

L 
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^ 147. There are also, in the badger and the opossum, at 
well Ks in several other carnivorous animals, (both among tha 
digitnta and palmata,) peculiar glands and bags at the end ot 
the rectum, secreting a yellow substance of a strong and disa- 
greeable smell in its recent state, and which frequently given 
to their excrement a kind of musk-like odour.* 

These anal bags ere of a spherical form, and have a small round 
Opening just at the margin of the anus. They seem to belong parti- 
cularly to the carnivorous animale. 'I'hey may be seen very well ia 
the cat. I'heir secretion possesses that strong disagreeable odou 
which characterizes so remarkably many animals of tliis order, as the 
fox and all the weasel tn1>e, and which baa even made the polecat 
proverbial in common language, and has bestowed on it its scientific 
name, musicla pulorius. Some American species exceed the felor 
even of tbe polecat. This is the case with the vherra niephitica and 
coaase [the skimk and squash}. They pour out the fetid matter when 
pursued ; and are thereby effectually defended, as neither man noi 
animal can approach them. 

These parts are not, liowever, confmed to the camirora, as sereral 
Todeniia possess them. 

§ I4S. These anal glands must be distinguished from ano- _ 
tber kind of similar glands and bags, which also secrets ■ 
strong -seen ted matters, but seem to be rather connoted with ' 
the genitals-i" These are found in some of the same carnivo- 
rous animals which possess the anal glands, as the Hon, the 
civette, &c. ; also in many herbwora, which want the latter or- 
gans ; in some of whom they exist in both sexes, as in the 
peaver,"}^ the QndeUra,^ (rrnia zibet/ucus) &c.; in others they 
are peculiar to the male, as in the musk animal, || whose pouch 
is found in the prepuce near the navel. 

* Set Grew, Mtaeum Regalii Societ, tab. 23, trfaere he reprnenta theu bags in tbe 
paleeat, iMOifl, fox, and eat, DantMnton, torn, a, tab. 4, ia the linn, lab. 16, El 
lh« panthtr, tab. 33, in the ciixtM, torn. viL tab. 13, in the ettir. Blitchell, in At 
Anuriam Jfuwum, vol. v. p. 487. 

t I^acm, who fint caiaFoll; Giamined the different kind« of what he callj MWt 
bagi, has not diitinguUhed them from each other. See Flol*! Natural JfiMrji ^ 
(hfordJan, p. 305^ and tbe Phil. Tram. voU liii. and xi,; abo HaUer, E(n>. 
Phynoi. torn. vii. p. 147, &c 

t Daubenton, torn, nii, tab, 41, 42. 

§ Santan, in the Mim, it I'Atad, da Set. 1735, tab. 13, 13. 

II PlUai, Spialtg.KQeks.ld, tab. 6. 



ON aEVERAL PECULIAR SECRETIONS. 147 

It is from these glands, and not from the testiclesi as naturalists 
have absurdly supposed, that the substance called castoreum is pro- 
duced. A delineation of the parts, from the dissection of the Pari- 
tuan academicians, may be seen in the collection of Blasius. Anatom. 
Ammalium, tab. 13. 

That valuable article of the materia medica, muskt is produced 
from similar glands in the moschus moschtfer, (the musk) an animal 
found in the mountains of Thibet, and the southern parts of Si- 
beria. 

% 149. We must also mention here the glandular cavitieSi 
Govered internally with hair, which are found in the feet of 
several ruminating bisulca, and particularly in the sheep. 
They have an excretory duct opening at the junction of the 
toes ;* and the obstruction of this, particularly from a long 
continuation of wet weather, occasions troublesome symptoms. 

BIRDS. 

^ 1£0. Although birds do not masticate their food, several 
of them, particularly among the pid, have considerable sali" 
vary glands \ at the sides of the lower mandible. The secre- 
tion of these glands serves to facilitate the numerous and 
strong motions performed by the tongue in deglutition. 

The pancreas is of considerable size, particularly in those 
birds of prey which do not drink; its form and structure 
vary considerably. 

It has been already stated that salivary glands, in the proper 
sense of the term, do not exist in birds, and that the parts which 
^e author mentions here must be regarded in a different point. of 
view. 

§ 151. The glands which secrete the oil, on the upper part 
of the tail, are largest in aquatic birds ; in some of which, as 
the a/Mis moschata, the secreted substance has a musk-like 
odour. In that race of the common-fowl, which has no tail, 
(the galhis ecaudatus) this organ no longer exists, j; 



• R. livingstone, in the 2d vol. of the Society of New York, p. 140. J. F. 
Neimann, in his Taschenbuch fur Haustkierante, vol. ii. s. 87. 
t V. A. Huber D$ Ungtut Pici viridis, 
t' lUanmur, Art de favre iclovre Us Oiseaux Dcmettiqwff torn. ii. p. 332. 

L 2 • 



Olf SEVERAL PECULIAR SECRCTIOKa. 



S 152, I do not think it probable tliat the part which has 
ofton been considered as a }>ancreas in this and the following 
clauses of animals, really deserves that name. Zootomists 
have not been able to agree on this point ; Charas took that to 
be the pancras of serpents, which Tyson with the ancients 
called the spleen. 

Anal glands, which disseminate a strong specific odour at 
certain times are found in some animals of this class; for 
instance in the cayman, {lacerla alligator) and the rattle- 
snake.* 

^ 153. An acrid fluid exudes through numerous pores of 
the skin in some reptiles, when they are irritated ; as in the 
salamander and in loads. It is said that the gecko secretes a 
really venomous fluid between its toes. But there is a much 
more dangerous kind of poison formed in some serpents, 
frhicli are distinguished from the innocent ones by the organs 
pointed out in a former part of this Trork.f 

There ia found in the crocodile, on each side of the lower jaw, 
and juBt under the skin, a gland, whose duel opens externally. Il 
Becreies a substance smelling like musk. 

There are situated on tlie heads of most serpents five pairs of 
glands ; the first ia a small, long, round, and very hard gland, si- 
tuated at a very little distance from the skin, close behind the ante- 
rior extremity of the lower smrface of the mouth, 'lliese may un- 
doubtedly be compared to the sub-lingual alands of other anmials. 
Cuvier has found them in the amphUbante, where they are in propor- 
tion the largest ; but neither he nor any other author mentions their 
existence in the other species, although with the exception at tbe 
tfphlopt, I found thena in all the species which I examined. 

The second ia situated more behind, and to the inner'side of the 

Se : in general it is of a considerable size, and of a white aofl AOlmr.' 
eckel found them in the ampkUbiaui alba and fuliginoaa ; also in 
the eryijaculta, tortrix ocytaU, elapi, they are very considerable. Thej 
are generally situated without and behind the orbit, particidariy,in 

* TyuD, in tli« PUIiM. IVnnt. vol. xiii. p. 38. 

t On the pecnliai piuion-gluuk in tha cnJiiin- (Ir^noc^AaJiu) mutm and iitnt. 
He Seifert, p. 3, lib. 1, %, 1, 4 ; on the salivftr; glandi oF Kipenti, lee IWc- 
niaim, in the DtnhchnJUn der Ajiad. da- W. m. Miwktn Jvr, 1813 ; and OD Hmc 
othei iecretiDg org&n in the oibitar region of muij pMSDDOoa teipcnla, see F, BomcI 
tuA Home in the Shil. trant, for 1B04. 
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the coluber, toririx, and eryx, but in the boa, python, and poisonous 
serpents, part of the gland lies within the orbit. 

The thurdy which is not so common as the two preceding, is a 
gland of some length, and situated close to the rami of the lower 
jaw; there are numerous excretory ducts, which open externally 
through the teeth of the lower jaw, in a simple longitudinal row. 
Cuvier has described them in the coluber and boa ; afterwards Tiede- 
mann and Cloquet gave delineations of them as they are found in the 
coluber natrix, and Rudolphi as they are found in the vipera vera ; 
Uiey have since been found in several other species of serpents. They 
conrespond in their form, structure, and situation, to the buccal and 
labi^ glands of mammalia. 

The fourth is situated externally, dose to each «ide of the upper 
jaw. In the vipera dubia Meckel found a small gland at the corner 
of the mouth ; Tiedemann found them in the anguis, although Meckel 
who examined three fine specimens was not able to detect them. In 
the coluber, amphisbana, tortrix, and eryx, this gland is very consider- 
able ; in the python, crotalus, vipera vera, they are of moderate size ; in 
the elaps they are extraordinarily small, and intimately connected 
with the excretory ducts of the poisonous glands situated beneath them. 

The fifth are the poison^glands : these are the most remarkable, 
and it is difficult to conceive how they could have been overlooked 
by the earlier anatomists. They are situated above the upper jaw, 
behind and below the eyes ; they are surrounded by a very strong 
muscle, and in fact embedded in it, so that they cannot be seen untS 
the muscle has been divided. They are of some length, and have a 
laminated texture; internally they have a considerable cavity, and 
are distinguished from all the other glands by a very long excretory 
duct which takes its course along the outer surface of the upper jaw, 
and opens above and before the poison teeth in such a manner into 
the sheath, that the poison flows into the upper opening of the tooth. 

Meckel has come to the following conclusions on the number and 
proportional size of the glands of serpents. 

1. Several poisonous serpents, viz. the crotalus, naja, vipera vera^ 
elaps, lemniscatus, possess the greatest number of glands ; for, in ad- 
ditioji to the poison and salivary ones, th^ also haxre five pairs. 

2. Four pairs only exist: 1, in the vipera dubia, for besides the 
poison glands, ihey have merely the lachrymal and lingual, and a 
ij^t rudiment of the labial at the angle of the mouth ; and 2, in the 
coluber python, amphisbana, there are also only four pairs. 

3. The anguis fragilis has four pairs, the upper labial glands only 
being wanting ; but in the trigonocephalus botn pairs of the labial 
glands are wanting. 

4. Lastly, in the typhlops crocotalus, all or nearly all are wanting. 

5. Those serpents which have no poison glands possess all the 
others in a greater state of development. Botib the poison and other 

f lands have excretory ducts. Vid. Meckel's Ar^hiv, fur Physiohgie, 
lip. 1026. 
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FISHES. 

§ 154. The most universal secretion in this classi which 
comes under the present chapter^ is that of the mucus, which 
besmears their skin and scales^ and which is formed in canals* 
lying near the lateral lines, and in the' same direction with 
them ; one or more of these canals running on each side from 
the head to the tail-fin. In some fishes the mucus is poured 
out in the intervals of the scales ; but in others those parts 
are perforated by regular openings for its discharge.*}* 

Cuvier represents the tubes which open in the course of the liaea 
lateralis of fishes, as the excretory ducts of two glands placed above 
the orbits. {Legons (VAnat, comparee, torn. v. p. 260.) 

In the skaie the openings are not confined to any particular parti 
but are scattered over the surface. The tubes radiate fix>m one 
point, just above the angle of the jaw ; and the third branch of the 
fifUi pair of nerves is distributed at that part ; its filaments accom- 
panying the tubes. 

For an account of the electrical organs of fishes, which must be 
considered as parts secreting the electrical matter, see §218; and 
for their swimming bladder, in which a secretion of air is eiSectedf 
§187. 

INSECTS. 

§ 155. There are no true conglomerate glands, nor analo- 
gous parts in insects ; but their different secretions are per- 
formed by loose vessels.:}: Besides the different secretions 
of peculiar matters, which belong exclusively to single species, 
as the vapour, which some carabi {carabus crepitans, margi' 
natus, &c.) discharge, and the strong odours with which seve- 
ral of the bug-kind defend themselves in case of necessity, 



* Professor Jacobson, after a careful examination, is of opinion, that these duct* 
in the cartilaginous Jishes may be regarded as organs of a peculiar sense, Nouveau 
Bulletin des Sciences pour let Soc, PhilomatiqtLe, 1813. 

On the curious structure of the numerous canals on the head of several species 
of the ray and shark, see Stenon, who has the merit of having discovered them, in his 
classical work, De Muscvlis et Glandulis, p. 42 ; and Elementar, Myolog, Specimen, 
p. 72 ; also the recent work of Lorenzini, suUe Torpedini, pp. 7 and 21. 

t A. Q. Rivinus, in the Leipsic Acta Eruditorum, 1687, p. 161 j and Perrault 
Essais de Physique, torn, iii, tab. 20. 

t Cuvier, in the M^moires de la Sociiti d*Hist, Nat. de Paris, an 7, p. 40. 
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two kinds of B^cteied fluid desenre to be particularly remarked 
in tibis class : the silk which is formed by the larvse of pha« 
ItnsB^ (moths) and by spiders ;t and the potion with which 
several hymenopterous j: and apterous^ insects are armed. 

The waX| which is prepared by the honey-bees, and by the 
Indian coccus metU/icus, deserves to be enumerated amoi^ the 
secretions which are peculiar to animals of this class. 



Almost all the larvss or caterpillars spin for themselves some 
of covering before their metamorphosis ; but it is the silkworm only 
{bombyx mori) that furnishes the materials of our Various silk rnanu* 
ftcturesy as the thread which it forms is very pliant and abundant^ 
and can be easily unrolled. 

The secretory organs, which furnish this matter of silk, are ih6 
same in all larvse. They consist of two long tubes, at first sraaU 
and tortuous, but growing gradually larger to form a kind of resef-^ 
voir, and terminating in a single very small tube, which opens undei^ 
the lower lip. It is by moving its head from side to side that tbe 
animal draws out the silk. 

In those insects which possess stings, the irritating or poisonoaS 
fluid is formed in a peculiar bag, which sends a duct to the stilig. 
The latter part is hollow, and its tube opens externally. It is coih 
tained in a sheath, and barbed at the sides of its point, so that it 
usually remains in the wound which it inflicts. A delineation of these 
parts in a magnified view may be seen in Swammerdam, tab. 27 of 
the English translation. 

VERMES. 

§ 156. The most remarkable secretions in this class take 
place in the testacea. There is one of these common to the 
whole class ; viz. the formation of the calcareous matter of 
their shells, Q which takes place in a peculiar viscus lying near 
the heart {sacculus calcarius, Swammerd. glandula testacea, 
Poll). The celebrated purple f colour is formed in some ma- 

* See Lyonet, tab 5 and 14. 

t Rosel, torn. iv. tab. 29. 

i See Swammerdam's plates of the organ in the bee, tab. 18 and 19. 

§ Rich. Mead Opera Medica, torn. ii. tab. 3. 

I Swammerdam, tab. 5, of the Helix Pomatia. Poll, tom. ii. tab. 20, of the 
Verm Chione ; tab. 26, of the Area PUosa. Dr. Wohnlich De Hdiee Pmatia, 
Wirceb. 1813, p. 23 -, and Prof. Jacobson, in Meckel's Archives, voL vL s. 370. 

IT See Strom, of the Bucdnum LtqnUut, in the 11th toI. of Kwbenh. SeUk. 
Shrifter, p. 30, 
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tine genefft; as the buccinum lapillus and echinophorum, 
tiatrex brandaria and truncttlm, helix ianthina, area nucleta, 
&c. Lastly, some bivalves, under extraordinary cir cum stances, 
fomi pearls* on the inner surface of their shell. 

Several acephalous molliuca produce a kind of silk, similar to that 
of tlie larvce of insects. It is sometimes called the beard ; and is 
emplovttd by the animal in order to attach itself to rocks, &-c. It is 
formed by a conglomerate gland, placed near the foot, which latter 
part draws out the silk from tlie excretory duct, and moulds it in a 
groove on its surface. The sea muscle, {myiilus) the pinna, and 
pena, exemplify this structure. 'I'he pinna produces it in such 
quantity, and of such quality, as to admit of its being manufactured 
into gloves, which is done at Messina and Palermo. (Blumenb. 
Handtucli der Haturgetchichle, ed- 0, p. 438.) 

The black inky fluid of the cuttle-fish, which lias often been sup- 
posed to be the bile, is a very singular secretion, that must be nodced 
in this place. The bag in which it is contained has a line callooi 
internal surface, and its excretory duct opens near the anus. The 
fluid itself is thick, but miscible with water to such a degree, that a 
very small quantity will colour a vast bulk of water ; and the animal 
employs it in thii way to elude the pursuit of its enemies. Accord- 
ing to Cuvier, the Indian ink, which comes from China, is made of 
this fluid. {Leqons d'Aruil. comp. tom. v. p. 262.) 
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CHAPTER XII. 

ON THE HEART AND BLOOI>>TE88ELS. 

§ 157. A PERFECT circulating system, to which on the one 
hand fluids are brought by the absorbents, to be converted 
into blood ; and from which, on the othpr hand, various juices 
are separated in glands, and viscera of a glandular structure, 
appears to belong universally and exclusively to red-blooded 
animals. A pericardium exists in all these animals. Parts of 
such a system, particularly a heart, and certain vessels con- 
nected with it, are found in some genera of the two white- 
blooded classes. It is surprising that so many good anato- 
mists, among whom are Blasius, Peyer, Harder, and Tozzetti, 
should have denied the existence of a pericardium in the 
hedgehog. The membrane is indeed very delicate in ibis 
animal, and it requires some cate to avoid tearing it in opening 
the chest. 

MAMMALIA. 

§ 158. The internal structure of the heart is the same as in 
man ; but its situation in quadrupeds and cetacea differs firom 
that which it has in the human subject. It is in the former 
situated more longitudinally with respect to the body, resting 
rather on the sternum than on the diaphragm. Hence the 
pericardium of these animals, with a few exceptions, is not 
connected with the diaphragm* as in the human subject; th« 



^ See Morgagni, in hit FpUi. Anat, p. 302. edit. 1764. 
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portion of the inferior vena cava within the chest is propor- 
tionably longer. 

The heart of the orang^autanfi is placed oUiqudy, like that of the 
human lubjcct ; but in other mmim the apex only u a little indined 
to the lefk, and juat touches the dii^hragm. 

1 159. The larger adult bisulea and the pig have two small 
flat bones, (which have been calledi particularly in the stag, 
banes of the heart) where the aorta arises from the left ven- 
tricle. The common notion, that they serve as a support to 
the valves,* does not much elucidate the subject. 

The right auricle receives in the porcupine and elephant two ante- 
rior venae cavae ; the left of which opena near the communication 
with the ventricle. 

$ 160. It has been supposed that the amphibious animab 
of this class and the cetacea have an open foramen ovale, like 
that of the foetus, in their septum auriculanun. And the ner 
cessity of such an opening has been inferred from their way 
of life ; since they often pass a considerable time under wat^ 
without breathing. Thb supposition has been fiilly refuted 
by the repeated dissection of adult animals of this kind, which 
has shewn that an exception from the general rule very rardy 
occurs. 

I possess a very singular heart of an adult seal, thejbramen 
ovale and ductus arteriosus of which are completely open. 
Both the arterial trunks^ and particularly the aorta, form 
large, and as it were aneurismatic expansions.^ 

In several genera and species of web-footed mammalia, and 
cetacea (that is, in the common and sea otters, in the dolphin, 
&c.) particular vessels have been observed to be considerably 
and constantly enlarged, and tortuous. This structure has 
been principally remarked in the inferior vena cava ; where 

* C. I. Keuchen, De Ossiculit e Cordibus Animalium, Groning. 1772, 4. Luthii 
Observ, Zootomia^ Tubing. 1814. Jaeger, in Meckel's Archives, s. 113 ; and 
Leuckart, vol. vi. s. 136. 

t The same fact was observed by Seger, in the latter vessel in the seal, of which 
he has given an account in the Ephem, NaU Curios, Dec. 1, an 9, p. 252. 
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there can be no doubt that it serves^ while the animal is tinder 
water, to receive a part of the returning blood, and to retain 
it until respiration can be again performedi and the lesser* 
circulation be thereby again put in action* 

The question, whether or no the foramen ovale be open in such 
animals as have the power of diving, and remaining for some time 
under water, seems to be as yet not completely decided. In addition 
to the affirmation of the author the evidence of Cuvier may be 
quoted ; he states that in several porpoises^ in a dolphin and a seal, 
he found this opening closed. {Ligons d'Anat, comp. tom. iv. p. 201.) 
The Parisian dissectors also found it closed in a beaver, {Description 
jinatom, d*un castor, &c. p. 68.) It has been found perfectly shut in 
a porpoise and young seal; and according to Sir Everard Home, 
{PhU, Trans, 1802) it is closed in the omithorhynchus. On the other 
side of the question, besides the fact mentioned by Blumenbach, 
which is very striking, we may adduce Sir Everard Home's authority 
for the existence of the foramen ovale in an open state in the sea 
otter. He found it so in two instances, one of which was in an adult 
animal; but the ductus arteriosus was closed. (Philos. Drans, 1790, 
pt. 2.) This may perhaps be nothing more than a casual occur- 
rence ; as a small opening is not unfrequently found in the human 
subject, where no symptom of disease, or defect in the circulating 
system has existed. 

§ 161. There are some remarkable circumstances in the dis- 
tribution of particular arteries in certain animals of this class. 
We may notice^ as the most singular of these, the rete mirabile, 
formed by the internal carotid at its entrance into the craniuni, 
in several ruminating bisulcaf and carnivorous animals; and 
that division of the arterial trunks of the extremities, which 
has been observed by Sir A. Carlisle j: in the slow-moving ani- 
mals, viz. the sloths and lemur tardigtadus. The arteries of 
the arm and thigh in these cases divide, as they leave the 
trunk, into numerous parallel branches, which are united again 
towards the elbow and knee. The most curious and elegant 
distribution of veins occurs in the foot of the horse ; where 
these vessels run in innumerable parallel branches on the an-» 

* KnlmiUy in the Acta Acad, Natur, Curios, torn. i. p. 25. 

t It is represented by Monro in the slink calf* Obs, on the Nervous System, tab. 
i. 

t In the Phihs, Trans, for 1800, p; 98. ^ 
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t«rior Burfitce of the coffin bone, and form a reticular plexus 
of anastomoses on the under part wbich completely covers the 
surface of llie bone. 

Pli-xusci or convolutions of the arteries arc found In some parts of 
ihe celacea ; as in ilie intercostal arteries, in thn branches which go 
from the subclavian to the cheat, and in those which supply the me- 
iIuUb spinalis and the eye. Hunter in the Philos. Trans. 1789, pt. 2. 

BIRDS. 

S 162. The whole of this class, without exception, possess 
a very remarkable peculiarity in the structure of the heart. 
The right ventricle, instead of having a membranous valve, 
(such as la found in both ventricles of mammalia, and also in 
the left of birds) is provided with a strong, tense, and nearly 
triangular muscle. This singular iitructure assists in driving 
the blood with greater force from the right side of the heart 
into the lungs : since the expansion of the latter organs by 
respiration, which facilitates the transmission of the carbo- 
nated blood in mammalia, does not take place in birds, on 
account of the connexion which their lungs have with the nu- 
merous air-cells, which will be afterwards described.* 

§ 163. To this class, and also to lho^<e of amphibia and 
fishes. Professor Jacobson ascribes a peculiar venous systOD, 
by which the blood is carried from the posterior extremities 
and Jrom the sexual organs, not, as in mammalia, to the pos- 
terior vena cava, but to the kidneys, or to the kidneys and 
hrer, for the purpose, as it should seem, of secreting the urine 
in these three classes.-t* 

AMPHIBIA. 

^ 164. The frogs, lizards, and serpents, of this cotmtry at 
least, (C^rmany) have a simple heart, consisting of a sii^le 



* 1 hsTC CDtered more largdy into this subject, in Ihe Comatttt. Rtg, Sue. SmM. 
Cottiag. vol. ix. wbere there ia also a repreKiitatioD of the muscle in the lieiDii, {■ 
128. 

t See tbe BuUfiin dt la See. Philom. 1B13. Meckel's AriMva, vol.iii. s. 147; 
xuiDlSyHmaUvmouptailiari. Uafo. 1621. 
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ventricle and auricle.* In others, as for instance crocodiles 
and Uzards, properly so called, and serpents, the heart con- 
sists of one ventricle with two auricles. 

The account which Cuvier gives of the anatomy of the heart in the 
amphibia^ does not exactly accord with that of the author. Curier 
describes and delineates the heart of the crocodile as being formed 
nearly like that of the turtle (torn. 5, pi. 46) ; he says that the iguana 
has a similar structure, and that it obtains likewise in the serpents 
(torn. V. p. 221*225). He does not mention the more simple form as 
existing in any lizard or sei^pent, 

§ 165. The structure of this part is very different in the 
turtle ; and has given rise to more controversy than that of 
liny order of animals. The heart of this animal possesses two 
auricles, which are separated by a complete septum, like those 
of warm-blooded animals, and receive their blood in the same 
manner as in those animals ; viz. the two venas cavas terminate 
in the right auricle, the pulmonary veins in the left. Each 
pours its blood into the corresponding ventricle, of which ca- 
vities there are two ; thus the structure of the heart hitherto 
resembles that of mammalia. 

A remarkable difference exists in the structure of the auri- 
cles between the testudo caretta and mydaSy both of whose 
hearts now lie before me. The auricles of the former are thin, 
like those of warm-blooded animals ; in the latter they are 
very firm, and have almost as thick and strong parietes as the 
ventricles. 

The characteristic peculiarities which distinguish the heart 
of these animals consist in three circumstances. First, the 
two ventricles (and in some species of turtles^ the cavities of 
the auricles) are extremely small and narrow, but the fleshy 
walls of this viscus are of a thick and spongy texture, so that 
the heart has the appearance not so much of a double visceral 
Sac, as of a sponge soaked with blood. Secondly, both the 
ventricles communicate with each other ; there is a muscular, 
and as it were tubular valve, going from the left to the right 



* Swammerdam gives the clearest representaticii of the heart of the frog, and of 
the vessels which are most immediately connected with it» tab* 49. 
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cavity, by tneanR of which the former opens into the tattei'. 
Thirdly, the large arterial trunlia arise all logether from the 
right ventricle only ; no vessel coming from the left. The 
aorts, with its three principal branches,* ts situated towards 
the ri^ht nide and the upper part; the pulmonary artery 
comes an it were from a particular dilatation of the right ven- 
triclc,^ which is not situated nearly in the middle of the basis 
of the heurr ; (it must be understood, as we have already ob- 
served, that we apply these terms according to the horizontal 
poBilion of the animal). 

We can now comprehend how this wonderful and anotna- 
lous structure, by which all the blood is propelled from the 
right ventricle only, is accommodated to the peculiar way of 
life of the animal, which subjects it frequently to remaining 
for a long time under water. For the greater circulation is 
BO far independent of that which goes through the lungs, that 
it can proceed while the animal is under water, and thereby 
prevented from respiring, although the latter is impeded. In 
warm-blooded animals, on the contrary, no blood can enter 
the aorta, which has not previously passed through the lungs 
into the left ventricle ; and hence an obstruction of respiration 
most immediately influences the greater circulation. 

The best and most intelligible delineations of the turtle's 
heart are those given by Mery ;{ although he made an errone- 



* Two of these go lo the abdomen ; the light is the proper <u 
left ii the dactnt amiinunicatiiiiii of Mer;, who compared it to 
ofUiefcetus. 

I Mery Rod Morgagni cDDudered thii dilatation as a third veDtricIc, <■ 
inWraiednii ; hence it hai happened, that aoBie lootmnigta have aicribed to the tattle 
a sipgle ventricle, (od account of the communicadon) ; aome two, And otfaera thiee. 

t Mim. dt VAead. dti Se. 1703. See also Moigxgni'a excellent accoont of the 
heart of the tortoise, in hii Advert. Anat. V. Animalium, from which he draws the 
foUowing correct inferencea. Qua cum ila liiil. agnoui faeilt, languinem tiim ■) 
untMTSt cmTiim, tun a pulmoaibm Tolevnttm, ilium qtiidem per auriciilan dateK» 
ImHtdiati, liunc vtra p«r liniitruni, tubiectum^ut nniitnim twntricujmn, omnaaiem- 
(iM in dtxtrum compelli, ui ab 'uk, tt communitanU JHlemwdig lum in eorpia urnnr- 
nim, lum in pulmona prtjitllatur, ' Fram these circumitaaces I ascertained that tk 
blood which retomt from the whole body, as well ai that which retimts from the 
luDgi (the former immtdialel; by the right auricle, and the latter by the left auri- 
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0U8 application of them to the course which he isupposed the 
Mood to take in the heart of the human foetus. I conclude 
from a comparison with my own preparations, that his draw* 
ings were taken from the testudo caretta* 

The natural structure of the hearts of these animals has a 
striking analogy with the unnatural condition of this organ in 
persons born with the morbus cceruleus. Thb phenomenon 
with many others tends to shew that certain organs of the human 
embryo, as well as the whole of its earliest formation, are sub- 
jected to a kind of metamorphosis, the embryo first resembling 
the structure of the lower classes of animals, before it reaches 
the perfection of the human type. If during this change the 
completion of any organ should be interrupted by any aod- 
dehtri disturbance of the formative impulse, it remains in a 
state which has a greater or less resemblance to that of an in* 
faMoif organisation. Hence in many persons aflPected with the 
blue complaint, the ventricles communicate with each other 
by an opening in the septum, and both arteries arise from the 
right, and none from the left.'*' 

FISHES. » 

^ 166. The heart in this class of animals is esttremely small 
in proportion to the body. Its structure is very simple, as it 
consists of a single auricle and ventricle, which correspond 
with the right side of the heart in warm-blooded animals.f The 
ventricle gives rise to a single arterial trunk (which is expand- 
ed in most fishes into a kind of bulb as it leaves the heart), going 
straight forwards to the branchue, or organs of respiration* 
The blood passes from these into a large artery, analogous to 

€le» and the left ventricle beneath it) was driven to the right ventricle, to be pro- 
pelled from it, and the intermediate one communicating with it to the whole body, 
as well as to the lungs. 

, * Abernethy's Surgical and Phonological Essays, part ii. p. 158. 
' Jo. Conr. Tobler De Morbo Cterulso. Gotting, 1812, 4. 

J. C. Hein De istis Cordis Deformationibtu qua sanguinem venonun cum arterioso 
adseeri pcrmittuia, Gott. 1816, 4. 

t See Tiedemaim's Jnatomic <{«s JPifcM«rMn«. Laadshut, 1809. 

M 
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the aorta, which goes along the spine and supplies the body 
of the animal ; it is then returned by the ven« cavac into the 
amide;* a proof, among many others, of the power which 
the arteries possess of returning the blood, independently of 
(he action of the heart. 

i 107. Most cold-blooded animals, as Bshes, and the am- 
phibia of this country, (Germany) have a much smaller pro- 
portion of blood, and fewer blood-vessels than those witb 
warm blood. On the contrary, they have a much greater 
number o( colourless vessels arising from the arterial system. 



^ 16S. A true heart, and system of vessels connected with 
it, arc found in a very few of what are called white-blooded ani- 
mals. In this class they seem to belong only to some genera 
of insects, which have no wings; as the genus cancer,'^ and 
motioculus. It has been proved by the excellent investigations 
of Herold,J that the long dorsal vessel of the larvBe, &c. com- 
municating an undulating pulsation, and carrying a kind of 
ichor, is protected on each side by a flat triangular muscle, 
and that it is an organ analogous to tlie heart. In the genera 
which we have mentioned, there seems to be no passage of 
the arterial extremities into the oii^na of Tein8> aocl cwiset 
quently no. true circulation. 

It altars tbat insects possess neither blood-vessela nor absorfoeati. 
Cuvier has examined, by means of the microscope, all those oigai 
in .thia class, which in red-blooded animals are most vascular, witbout 
discovering the least appearance of a blood-vessel ; although ex- 



* ReprcKntatiDiis of th« heut of a firii an giren bjr Ptn a ult , in Ae Emrif ii 
PhyiiqMt, torn. iv. tab. IS ; bj Duiemey. in hu poitbunuHu CEaem dnateaiqiit^ 
Ion. ii. tab. 9 ; by GoiUB, Hiitoria Piictuin, tab, 4, (all these hoveTGr eiU tlM 
(rank oT the braiKhial arttry, the onrta) ; and by Woaro, in hi> Smutart and Phf- 
■'"'i^ ^ n>^ ,- and aboTC all 'Hedemaan, in tbe work above cited. 

i Willis De Anima Bntvntm, tab. 3, Bg. 1. BokI'i IiuwtonMBit^i^«s, vol. 
iii.tab.sa; aiid:Tre-nnmi* iitr 4e<i innem Baa diT Arachindta, a. 16. 

S Uber dot Ruchng^aa dtr Inwclm, in the AiUmil, d. NtOtirfiinch, G«, w 
Marburg, h. i. 
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tremely minute ramifications of the tracheae arc obTious in every part. 
Aild;Lyonet has traced and delineated in the caterpiUar parts inft^ 
nkdv smaller than the chief blood-vessels must be, if any such ex* 
btedu Anatomic de la Chenille, &c. 

Yet insects, both in their perfect and in their larva state, have A 
memlnranctu tube running along the back, in which alternate dilatations 
and contractions may be discerned. From this circumstance it has 
been supposed to be the heart ; but it is closed at both ends, and uq 
vessels can be perceived to originate firom it. 

It is obvious from these data, that the functions of nutrition and 
seeretion n^ust be performed in the animals which we are now consi« 
^lering^ in a very different manner from that which obtains in the 
more perfect classes. Cuvier expresses the mode, in which he sup- 
poses growth and nutrition to be effected, by the term '' tmbibUion.^ 
And he explains from this circumstance, the peculiar kind of respi* 
ration which insects enjoy. Since the nutritife fluids have not been 
exposed to the atmosphere, before they arrive at the parts for whose 
nourishment they are destined ; this exposure is effected in the parts 
dienasdves by means of the lur-vessels, which ramify most minutely 
over the 'wkcAe body. *^ En un mot, le sang ne pouvant aller cher- 
ch» Pair, c*est Fair qui va chcrcher le sang." (^Le^ons d^Anat, comp» 
1. xxiSi# sect. 2, art. 5.) 

l!he heart of the crttstaceat according to Cuvier, has no auricle^' 
and it is what he csdls an aortic heart, Por it expels the blood inta 
the arteries of the bodv, and this fluid passes through the gills previ-* 
ously to its reachinff the heart again. The different parts of the sys- 
tem are here found under a mode of connexion exactly the reverse 
of what we observe in fishes, where the blood is sent into the gills^' 
and passes subsequently into the aorta. The circulating organ in 
that dass is diererore a pulmmiaty hearts 

VERMES. 

% 169. In matiy genera of this class^ particularly among the 
moUusca/^ and testacea^f there is a very manifest heart,!|; 

i-. ' - " ---• ■ ■ ■ .... . • — 1^-^>— 

* See Swammerdam, of the Unuut Manmui, tab. 9, of the Sepia OfflehuMtf tabw. 
SSL Monro, On Fiihes, tob. 31. Cuvier, Tableau EUmentaire de VHittovre Natu- 
fvlif (kt ilfitiiMNur, tab. 8, Sg. K Home, FhU. fVwftf. 1817 ; and of the AplytU 
FamAatth Cuvier, MoUutquee, tab. ii, Sg% 3. 

t See PoH, Testoeea titriusfue SidlkB, vot I and ii. for a representation of this im 
wvtel testacea. Willis, in the woik above quoted, tab. 2, of the Oyster. Swam- 
merdam> tab. 5, of the Helix Pomatia. Stiebel, of the Helix Stagnalis, 

t Cmvier divides the whole date of vermes, according as they are furnished with a 
hetft aad vascular system, or are destitute of these organs, into two families ; the 
ftnier he calls tmlhuea, the htter toepkyuu 
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which iM sometimes of a smgul&r structure. It consists, for in- 
Ht&nce, in the cultU-Jith, of one ventricle, and two auricles, 
which lie at some distance from the ventricle, near the gills. 
Some bivalves are said by Poli to have two auricles, and some 
ercD four. But in all these crustaceous animals, there has been 
no connexion hitherto discovered between the arteries and 
veins ;* while on the other hand some genera in other orders 
of this class have a connected system of vessels without a 
heart ii" and the proper zoophyte* cannot be said to possess 
either; as their nutrition seems to be effected by an imme- 
diate derivation of tlie nutritive fluid from their abdominal ca- 
vity into the gelatinous parenchyma of their body. 

Baker, Fontana, Muller, and several other excellent natu- 
ralists, have considered the dark portion in the body of flie 
wheel animal {corticella rotatoria) to be a heart ; although it 
has voluntary motion, which is influenced by that of the radii, 
and they have employed this circumstance by a curious petilio 
principii, to prove that there are animals which have a volmi- 
tary power of setting their heart in motion, or leaving it at rest. 
I have shewn twenty-three years agoj that this remarkable or- 
gan can by no means be looked upon as a heart, but is really 
an alimentary canal. 

According to Cuvier, the cuttle-fish has three hearts, neither of 
which possesses an auricle. Two of these organs are placed at the 
root of the two branchicc ; they receive the blood from the body {the 
vena cava dividing into two branches, one for each lateral heart) aiA 
propel it into the branchiae. The returning veins open into the mid- 
dle heart ; from which the aorta proceeds. 

The other molluica have a simple heart, consisting of one auride 
and ventricle. The vena cava assumes the oSice of an arteiy, and 
carries the returning blood to the gills ; whence it passes to the anri- 

■ See Pali, torn. ii. tib. 25, of the Area Nm, »ai Ub. 27, of the Oitm JteoUt, 
alm> torn. i. introduction, p. 39. 

f B. F. Bening Dt Hirudinibia, Harderov. 1776, 4to. a vei; excellent maiB- 
graph. The nwjtu* also have no heart, but a manifest drculatisg ayitim of MU- 
riei and veins. See Mitchell, in Alben'i Americanuchtn AnniJm, p. 121. 

t The author conipleted his seventy-third year in the month of Sept, 182fi ; when 
many of the mott diitiagtuahed physiologiatg and men of letten in Germany came 
to Ooltingen for the purpose of celebrating a WTt of pbiWplucal JQlnlce in hoooai 
of their distinguiibed countrpoan. 
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cle, and is subsequently expelled into the aorta. Here therefore, as in 
the Crustacea, the heart is a pulmonary one. 

The vermes of Cuyier have circulating vessels, in which contraction 
and 'dilatation are perceptible ; without any heart. They can be seen 
very plainly in the lumhricus marimts. The kech^ naias, nereist apkro* 
dUCfOCc, are further examples of the same structure. This anatomist 
is bf opinion that the moUusca, Crustacea^ and vermes, possess no ab- 
florbing vessels; and he thinks that the veins absorb, as he finds 
them to have communication with the general cavity of the body, 
particularly in the cuttle-fish. Hence die above-mentioned classes 
will hold an intermediate rank between the vertebral animals which 
poistiess l>oth blood-vessels and absorbents, and the insects which 
have neither. {Leqons, &c. 1. 23, sect. 2, art. 4.) 

The comparison of the circulating system in different classes of ani- 
mals constitutes one of the most interesting and important branches 
of investigation in the study of comparative anatomy; and the stu- 
dent should bear in mind that it was in the course of his inquiries into 
the structure of the lower animals, that the immortal Harvey was led 
to the discovery of the circulation of the blood. Much valuable in- 
fiirinatibn on this subject will be found in the lectures of Sir E. 
Home, firom which work we extract the following observations. 
, I Id aiunials that have no vascular system, consisting solely of a 
memfarttdous bag, there is much reason to believe no waste of mate- 
rials takes place while in a quiescent state ; indeed the facts which 
Mr* Bauer has published in the Philos. TVans., respecting the worms 
that form the disease in wheat called by farmers the purples, of which 
Sir £. I^ome has taken notice in the first volume of his Comparative 
Anatomy upon the Digestive Organs of Worms and Insects, completely 
establishes this fact Mr. Bauer has preserved some of these worms 
in a dried state, and has found, that although they have been kept so 
for six years, and even longer, when moisture is applied to them, 
imd they are placed in the field of the microscope, they revive in five 
or six hours, and move with great agility. 

' The animals next in order to these worms, are other genera of 
vermes, in which there is a circulation, but no heart : of this kind 
are all caterpillars and insects. In them the blood does not circu- 
late^ and probably remains at rest at those times in which the animal 
is ih acquiescent state ; but during the period of locomotion j or when 
feeding, -or using other muscular exertion, the blood undulates from 
one. end to the other of a large tube situated upon the back, at such' 
tiiiies supplying the different organs, and becomes aerated by the 
air-vessek which pervade every part of the body. 

Were animals classed according to the different modes of aerating 
die blood,' one great class might be formed of those animals, in which 
die air circulates through the body, and the blood is confined to a re- 
servoir ; another, when the blood circulates through the body, and the 
air is only applied to a particular portion of it. 






The hcut will ibrrefore be fouad tobeofless importance ti 
hit httm gi-nL-rally considered, and only to be an organ met with in 
■omc of tile bighcr ordrrs of animals. 

Wlien we consider ihe aeration of the blood in inseeia, it nmst be 
grtuet Hum in oilier animals ; antl there is (bis curkma eircumatancc, 
srbiinK out of ihe bodie* being ao abundantly supplied with air, as 
soon a* the cold i» loo great for their exerting muscular power, the 
■piracula become closed, and the animal remains in a torpid state ; by 
any increase of the warmth of the aimoaphere, the air retained in the 
lubeois tarelied, the external oiificea of the spiraculaare forced open, 
ai>d the functions of bfc are again carried on. 

This fact ii iMt to be doubted, nince we see tlte same thing take 
pbcc in the vermes, when tliey shut up for the winter. The garda^ 
tnail, OM soon as the cold weather sets in, £xes it«eLf upon any hard 
substances, by throning out a slime which cements the open edge of 
the shell lo ihe surface, and the snail remains there during the win- 
icr-raontbs ; all the organs of the body being in a state of rest. 

When warmth and moisture are applied, the membranous film 
falls off; a globule of air that remained in the cavity of the lungs be- 
rcHcd, and forces its way out, and admits of fresh air being 
o tliese organs. 
Q animals in which the circulation of the blood is carried on by 
means of a heart, the blood is aerated in very difierent propor- 
Uons. 

The aphrodite acuUala hM, properly speaking, no blood-vessels; 
the water is received by thirty-two lateral openings between the feet, 
into the cavity under the muscles of the back, and there applied to 
ilie surfaces of the projecting cells, of which there are two rows, fif- 
teen in each ; through these the air in the water is communicated to 
tlie cceca contained in tliem, which Sir E. Home considered to be the 
respiratory organs. 

In the ieeck there ia no heart, but a Urge vessd npon each side ot 
the animal; and the water ia received through openings into the 
belly, into the cells or respiratory organs, and passe* out uircxi^ the 

In the earlk-teomt there is atl artery that passes up the back, aai • 
corresponding vein passing down from the nead upon tbe rasMlr id 
the belly ; near the head, ibere are five pair of LUend canals dntt 
swell out beyond the size of the large vein, so that tbej beconw'ie- 
servoirs of blood to supply the vessels of the head, when wanted ta 
bore through the earth, and the action of the muscles io e nHJ a ycd 
will, by their situation, accelerate the circulatujn. The ceao^iimgaa, 
lying in the center of these reservoirs, will, by the action of jts c(Ms 
while the animal is eating, have an influence on the ciKwIattOB. 
The blood ii aerated by lateral cells in the same manner as in the 
leieh. 

In the mutcU, the gut passes through the heart, wfaich ia an oval 
bag, having no auricle, unless the two large veins are called such ; the 
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btmtM of the ventricle are very thin, but the action of the intestine 
makes op for this deficiency. 

In the earth'Worm^ the circulation is properly in a circle without 
beginning or ending. One vessel runs upwards to the head, along 
the back, communicating with the lateral reservoirs, but still a conti- 
nued tube goes on. It is the same with the vein or opposite vessel 
Uiat runs &wn the -tail, and the branches that go from the artery to 
the lateral cells, have corresponding branches returning the blood iQ 
the great vein. This may be considered as one mode of circulation 
peculiar to this tribe ; and it is admirably contrived that the blood 
Ally be accelerated in its motion by the muscular action of the body 
ef the animal, without any increase of action in the arterial sys^ 
tem* 

The aeration of the blood in this mode of circulation is imperfect, 
oriy one portion being aerated and mixed with the rest, in which no 
$nm changes have been produced. 

In the htmbricus marimts, although the principle of the circulation is 
tke same, there are many strongly marked differences in the mode 
of carrying it into eflfect. 

There is, as in the terrestris^ one trunk behind, going from the tail to 
the head, and one from the head to the tail on the belly, completing the 
circle ; but in this animal there are external gills, which remain pro- 
truded while the animal is in the water, and the blood has such a ve* 
locity in these vessels, that they may be considered as so many small 
venCrides ; this is an approach to the construction of the gills of the 
sepia. In this circulation there are two regularly formed auricles, 
supplied by lateral veins from the viscera attached to the sides of the 
great artery, so as to increase the supply of the blood, and afford 
quantity as well as velocity; while it gives off branches to the gills, 
die main trunk pursues its course, supplying the body. In this anii 
mal, it is only a portion of the blood which is aerated, and from the 
structure of the gills that must be in a much greater degree than in 
die lumbricua terrestris, 

' Vhe animal whose heart is nearest in structure to those described 
is die oysteVf in which the whole blood is aerated in passing through 
die gills, before it is received into the auricle. In this animal, the 
auricle and ventricle are very thin in their coats, so much so as to 
nMdifethem unequal to apply force to the blood ; but the ventricle is 
latiMdly eofinected to the great muscle, whose acdon will accelerate' 
die cir^adon. 

fa die iotedo navalts the heart is situated upon the back of the ani^ 
nMd near the head, consisting of two auricles of a thin, dark coloured 
membrane ; the auricles <^pen by contracted valvular orifices into 
two white stiOny tubes; those united form the ventricle which tennis 
nates in an artery that goes to the bony shell. The heart is loosdy 
attached ; its action is distincdy seen through the external covering*^ 
and HI some instances continues to act after it is laid bare. 
The first contraction is in the two auricles, which are shortened in 
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thai Mtlon, iJih cnlnroe* llic venlricle before it contracts. The great 
artery from lliu ventricle goen directly to the Iicad, and the vesaela 
that Rupply the uuricIcK arc wwn lo come from the gillB. The auri- 
cle* arr linpil with a black piffitifni, so that their contents cannot be 
•cm through their coat* ; and the ventricle fjoin its thickness ia not 
transparent, but the muicles of the boring shells are of a bright red, 
and all the part* between iIm heart and head are supplied with red 
blood. 

The atructure of the heart ts dilferent from that of the lumbricui 
■onavi, and consequently the circulation is by no means peculiar. 

This animal's heart may be said to be the tirst in this series that is 
comjilctr, and this first regular circulation oftlie blood, every part of 
which passes through the vessels of the gills, and even through the ca- 
fitieaof the heart. As this animal ii to work a machine capable of boring 
a Wy hard substance, and to go on noiking during the whole of that 
period of life in which its growth is continued, to make room for the 
ncraaaed bulk, so it requires that the blood be more highly aerated 
and supfdied with greater velocity to these active organs. Theheail 
also, to give it greater advantage in these respects, is placed near to 
the baring shells, so that the blood which goes to them, is of the 
brightest colours. 

In this circulation the first action of the heart is to supply tlie dif- 
ferent pans of the body with aerated blood ; upon this the activity of 
the heart is wholly exerted ; the blood is returned more slowly 
through the gills, and remains there a longer time, so as to receive a 
greater degree of the influence from the air contained in the water. 

This is the principle on which the circulation of many of tlie 
eenncs is established, and is exactly the reverse of what takes place in 
fiahes, reptiles, and the higher orders of animals. 

The mode in which the brcatliing organs of the loredines are sup- 
plied with water, makes it evident that all scii'Xiioniis which have no 
cavity for the reception of sea-water, muat have the breathing orgwi 
placed externally, ss is the case with all those species o{ actinia met 
with in the West Indies, called animaljiowert, and the beautiful meni' 
branous expansions they display, resembling the petals of flowers, 
are in fact the breathing organs acting at die same time as tenta- 
cula. 

In the tepia this- mode of circulation is rendered more comnkSr 
but the same principle is adhered to. In the toredina the water v in- 
timately applied to the gills from the simplicity of their atnicture ; bat 
in the tepia they are more comnlex, and require force to ^^y.the 
water to every part of them, and for this purpose there is a bulb and 
double valve placed at the roof of each gUl. 

- In the lepia the blood is brought to Jpe gills from all parts of the 
body by three sets of veins, all branching off from the trunk of the 
Tfna cava. The common trunk that goes to each gill, is of so large 
a size and so thin in its coats, that to prevent the regurgitatioD of, (£( 
blood, the valve i* interposed ; tlie blood having got into the giDs, 
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andrliaTing pervaded every part of the branchiae, it is conveyed by t 
smaller triinK to the auricle, so that the gills will never be completdy 
emptied ; it is then received into the ventricle, and carried into every 
part of the body. The circulation is also similar in the lamprey ^ /am- 
pores^ the rmfxene^ and an animal nearly allied to it from the South 
Seas, which has never received a specific name, although there aie 
pteuUarities in the gills from which these animals must be considered 
m their aeration inferior to fishes at large. 

In the lamprey and lampenh the water is received by the seven la- 
teral openings on each side of the animal into the bags that perform 
the office of gills, and passes out by the same orifices, the form of the 
cavities being such as to allow the water to go in at one side and out 
at the other, after having passed over all the projecting parts. Some 
of the water escapes into the middle tube, and from thence passes 
OMt Mther into the other bags or at the upper end into the oesopha- 
gus. 

The muscular structure of the branchial artery of the dog'-Jithf and 
the direction in which that artery leaves the ventricle, are exactly the 
same as in the squalus maximus, only tliey are seen on so smlaU a 
scale, that they do not arrest our attention ; but when magnified to 
the same size which they acquire in this fish, they make a stroiuper 
impression upon the mind, and force us irresistibly to inquire met 
their use. The direction of the artery appears to be common to fishes, 
in general, but the muscular structure that is met with in the braa- 
cliuil artery, is confined to particular tribes. Sir. E. Home met with 
it in the sturgeon^ and says it is common to sltarks, v 

In the wo^^Jish, the anarhichus lupusy the muscular structure of the 
branchial artery is nearly the same, but the valves are placed dose to 
the opening of the ventricle, and only two in number. In the twrhot 
tbere is no muscular structure in this part, but the coats areextremdy 
elMtic, and admit of being very considerably dilated^ particularly at, 
its origin, where three valves are placed, and so contrived, that the 
dilatation of the artery makes them shut more closely. 

In the hpkius piscatorius there is no appearance of muscularity in 
the coats of the branchial artery, and no lateral valves, as in omer 
fishes ; but there is a muscular tube half an inch long, rising from 
the edge of the opening of the ventricle, which projects into the ar« 
tery. 

These difierent structures, so unlike one another, and bearing no 
resemblance to the mechanism in the same parts in quadrupeds, 
make it probable that the circulation through the gills is impeded by 
the external pressure of the water in difierent degrees according to 
the depth of the fish from the surface; therefore in those fiSbes 
whidi fi-equent the great depths, as the §qualus, in all its tribes, there 
is a muscular structure in the coats of the branchial artery, which, 
when the fish is deep in the water, by its contraction diminishes the 
area of the vessel, and makes the valves perform their <^ce ; but 
when tlie fish is near the surface, this muscular structnrei by its re- 



170 OS THE HEART AND BtOOD- 

loxuioni Ttbdeiw the area of the artery to wide, that regurgitation of 
■be blood takes plac« into the ventricles, and prevents the small ves- 
■oUof the gills Irom bcin^ too much loaded. 

Thnt such regurgitation can take place when the muscle is relaxed, 
it uccrtsined by the ventricle being readily injected aAer death tvith 
coartc injection from the artery, the valve* allowing it to pass. 

In fiibes tliat swim deep and do not come to the surface, as the 
Miolf-fish, the regurgitation does not take place into the ventricle; 
but the relaxation of this muscular portion of the artery allows it to 
dibte and form a reservoir, and the valves remain closed so as lo 
prevojit more blood leaving the ventricle. 

In fi>bea residing at moderate depths, as the turbot, elasticity if 
employed as a substitute for muscular powers, there being less varia- 
tion. In the lopkitts piscniorittt, vfhich probably never descends 
into water of great depth, the ventricle is so weak that the supply of 
blood to the gills is regulated by the contraction and relaxation of a 
muscular valve. 

The heart of the manatee, or dugong of the West Indies, has iti 
ventricles completely detached from each other ; when we compare 
this with the heart of the w/mfe tribe, we find that the right ventricle 
in the \ehaU is a nearer approach to the lell than in tlie quadruped. 

The ventricles in the dugong, although similar in structure, are not 
exactly of the same size. The left is thickest, and half an inch 

The auricles resemble those of the whale, having the same trans- 
verse ligamentous bands. 

The valves had nothing particulai- in their appearance. 

The foramen ovale was entirely closed, but its situation was dis- 
tinctly seen. 

I'he lelatiTe sise of the aorta and pulmonary artery yna the Mne 
aa in the el^tAmU, 
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CHAPTER XIII. 



OF THE ABSORBING VESSELS. 



V17(X It was regarded as an axiom even by Valsalva, Aai 
tbbse animals^ which have true blood-vessels, have also an 
absorbing or lymphatic system. It appears also that the coih 
ve^rse of this proposition is true : viz. that those classes only 
have true lymphatic vessels, which possess at the same time 
a perfect circulating system of blood-vessels; that is, only the 
four classes of red-blooded animals. 

In many of what are called white-blooded animals, there is 
a kind of absorption very evident ; as in the armed polypes, 
whose parenchyma becomes tinged in a short time with the 
colour of those insects which have been swallowed. The ax* 
istence of absorption is inferred by analogy from other pheno- 
mena, as the metamorphosis of larva, &c. But no true 
system of real absorbing vessels has been hitherto demon- 
strated in these animals.* 

§ 171. This system (which comes most properly under con* 
sideration in the present chapter, on account of its relation to 
the circulation of the blood) consists of the lacteal vessels^ 
which arise from the small intestines, and of the proper Ij/m^ 
photic vessels, which belong to the rest of the body. It ior 
eludes also the conglobate glandsj which are found in moat of 
the animals which have this system, and seem to coaaist 
merely of a congeries of vessels ; and lastly, the thoracic duct^ 



* Sheldon has ascribed absorbmg vessels to the ttifc-toorm and other JorMP. See 
his history of the absorbent system, part i. p. 28 ; and Monro to the 9ehimu eteuUn- 
tu$, (sea hedgehog) in hit FhyMl, of Bi/^, p. 88. 
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fttlrtiieh u tho chief canal for conveying the Ru'xds from the 
Ijltymphatic system into tlie blood. 

I TliP Rlruciurc and ol!ices of tlit? absorbent glands have been illus- 

^^d by the observaiions of Mr. Aberncthy on ihe fortnstion of 
e parts in tlie nhale. He found the raeaenteric glands of that 
I Mtimal U> con««t of large sphericnl bags, into which several of the 
m iMtnIa opened. Numerous veaseU ramified on these cysts ; and die 
Ijtjcction passed froni tlieir secerning extremities into the cavity. In 
l^nc groin and axilla of the horse he also found ibem to consist of ooe 
I or more cells. Hence there can be no doubt that the absorbed fluid 
■ ttrost receive an addition in its passage through these bodies. Philta. 
I Trans. 1796, pt. 1. 

\ . It lias been much questioned whether the lymphatics have any 
I '•nnmunication with the venous system prior to the termination of 
the thoracic duct. The observations of that ingenious veterinary 
•argeon, Mr. Ilracy Clark, have determined this question in the 
affirmative ; na he has found the trunk of the lymphatic system to 
have several ojienings into the lumbar veins in the horse. Rees's 
Cydopadia, article Anatomy Veterinary. 

The com muni cation of the lymphatics with the veins in the four 
classes of vertebrated animals has of late years been demonstrated by 
Lippi, Fohmann, and Lauth, and in tfae anatomical muaeum of Heidel- 
berg there are numerous beautiful specimens shewing this fact 



^ 17S. All the parts of the absorbing system, which have 
been just enumerated, are most perfect and manifest in this 
class of animals: it is well known indeed that all the chief 
parts of this important system of vessels have been first disco- 
vered in mammalia. When their lacteals contain chyle, they 
are distinguished by their white colour from the other absorb- 
ing vessels, the contents of which are either limpid, or of a 
slight yellow tinge. The former vessels run together in con- 
siderable trunks, particularly in the sheep and goat : the lat- 
ter, or true lymphatics, may be seen to advantage on the hind- 
leg of the horse, where they follow a tortuous course. 

The thoracic duct is double in some quadrupeds,* as in the 
dog, and forms at its commencement, more constantly than m 
tfae human subject, a vesicular enlargement, called the cistema, 

* Pecquet, E^twrimcnU NaiM Anabmuca, p. 31, ed. of I6&4. 
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or receptaculum chyli. The course and distribution of the 
thoracic duct vary in quadrupedi^, at least in our domestic 
animals, as much as in the human subject. It forms, not un- 
frequendy, in the dog a kind of annular portion at its upper, 
or more properly anterior end ; which trivial variety Van Bib 
transformed into a constant and important circumstance, and 
called *' receptaculum tortuasumJ*^ 

In many mammalia, particularly of the order /er€e, the me- 
senteric glands are collected into one mass, which b known by 
the inappropriate name of pancreas jlseUii.f 

■ Sir Everard Home has found that in the sea-otier the receptaculum 
diyli sends two trunks to form the thoracic duct. These have fre* 
iqAent communications ; so that there are sometimes three, frequently 
four, and never fewer dian two trunks running parallel to each otbar. 
Philos. Trgns. 1796, pt. 2. 

BIRDS. P 

§ 173. The chyle is transparent in this class ; therefore the 
lacteab are only distinguished from the Ijrmphatics by their 
situation and office. There are no glands in the mesentery, 
although conglobate glands are found in other parts in several 
of the larger birds. Their thoracic duct is double, j: 

In a communication made to the Academy of Medicine at Paris in 
1819, M. Magendie denied the existence of lymphatics, widi few ex- 
ceptions, in the cbss of birds. He dissected more than fifty birds of 
-^m^rait kinds, and was not enabled to discover the l3rmphatic8 in any 
part of the body except in the neck of the swan 'and goose; in thb 
part he found the lymphatics and glands as in mammalia, filled with a 
dbphanous and colourless lymph. The opinion of Magendie has been 
satisfactorily refuted by several anatomists, particularly by Dr..Lauth 
of Strasburg, who, in an excellent treatise, entitled Memoire sur Us 
vameaux L^mphaiiques des Oiseaux ei sur la maniere de les preparer^ 
has proved the existence of lymphatics in birds. § 



* He has represented it in a very beautifhl plate, as far as the engraving goes, in 
his Uetpanao ad AdmonitioMt, Jo. Ab. Home. Roterod. 1661, 4, p. 7. 

t Aseltins De Laetibva, tab. 1 and 2. 

X Hewson, in the IPhiL Tnau, vol. i?ii. tab. 10, of the e^clu See also Magendie, 
in his Journal de Physiologie ExpMmgHtale, torn. i. 1821. 

$ See the wwk recently publiiM by Fohmann, Teacher of Anatomy at Liege, en- 
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^ 174. Lacteals arc found in great number in the delicate 
nesentery of the turtle. The thoracic duct is double. There 
noem to be no lymphatic glands at all.* 

The distribution of the lytDphatica on the intestine of the turtle 
forma one nf the most elegant preparations in comparative anatomj. 
By fixing tbe injecting tube in a vessel near the intetitine, and nait- 
ii^ nitli a little patience, the quicksilver will i^adnally Bnd its way 
into the minute ramifications of the lacteals. The peritoneal surface 
of the gut is covered with very minute straight parallel branches, 
running according to the length of the intestine. Its inner surface is 
no lew thickly covered with lacteals of a different appearance. When 
dried it seems as if the quicksilver were contained in small cells, co- 
vering the whole internal surface of the intestine so completely that 
the point of a pin could scarcely be placed between them. 



% 175. The lymphatics of these animals seem to be desti- 
tute of glands and valves: they want also the lymphatic glands, 
and their thoracic duct divides, at least towards its anterior 
part, into two chief branches.t 



tilled Da> Sa,igadr'- Syam dir WirbellUere Von. Vin. Fthmann, Dai Saugidi' 
SjMtn dir Fiicht, Beidelb. uid Lcips. 1827, npiesentiiig the Ijmphalici of tbe 
itODUch, iirer, q>le«ii, inlatinea, genital oigass, and fins, ii well as the thondi: 
dnet of tbe gynautui tUctriait, ml, pila, &e. ProfeMOT Folmuam bu aiuiaaiiced bit 
intantioii of jeliinating uid dncribitig the Ijmptuttks inthe other daaiei of yaU- 



a fatore publia 



* Mania's Pl^aal. af fithn, tab. 30. 
t Ketnoa and Monro, ia tbe works qooted tbor*. 
lUnw, p. 609, of tbt eycltfttrm b mi p m (Inmpsodm). 



e aUo Baithotin, Anel. 
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CHAPTER XIV. 

. • • ■ » 

ON THB ORGANS OP RESPIRATION* 

% 176,* Thb incessant continuation of the great chemical pro^ 
cess by which oxygen, the true pabulum vitae, is exchanged 
for hydrogen and catbon^ is essentially necessary to the well« 
being of the greater part of animals. Yet the organs and 
mechanism by which this wonderful function is carried on 
vaiyyery considerably .f In the mammalia after burth; in 
birds^ when they have left the egg ; and in amphibia when 
completely formed, the chief organ of this functioii is thci 
hi$igs; in fish it is performed in the gills ; in most insects ill 
their trachea ; in the vermes, in analogous, but at the sane 
tin^ very difierent parts. 

MAMMALIA. 

S 177. The lungs of quadrupeds agree on the whole iki 
structure, form, and connexion, with those of the human Inib? 
ject. In the cetaeea, on the contrary, afkd in the wdb-lG^oted 



-7* 



• Much Wtructiye informatioii on the respiratoiy eystem lA cHfierent aaimals may 
be found in Geoff. St Hilaire, PhUosophie Anatomique. Par. 1818. 

t Aug. Broussonet Varia Podtiones circa Respiratumenu Monspel. 1778,4; also 
Ludwig's Delectus Opusculor, ad ScierU^ NatwruUm tpeetant, lipsis^ 1790/ 8, 

p. 118. 

Chr. L. NUzsch De RetpiratioM Animalhsnu Vi;teU 1806, 4. 

G. J« Van Der Boon Mesch De CirculatioM et lUtpkatione Animalium Pulmenibui 
iratnuiorwn. Leid, 1812, 4. 

Fouquet De Organi Respiratorii'in AnimaUum setie ewlutume, Jen. 1818, 8. 

A. V* Sehweig^er't Clam^ieatwn der Thm» naeh dm Respinamt'Organinf im 
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h namm&lia, (as the manati) wliicli approach most nearly to 
them, they are distinguished by a firmer texture, particularly 
of the investing membrane, and by their peculiar form ; since 
they are not divided into lobes, but have an elongated and 
flattened appearance. They are adherent to the pleura, as 
well as to the very strong and muscular diaphragm.* 



§ 178. The respiratory organs of this class constitute UK 
of the most singular structures in the animal economy, on ac- 
count of several peculiarities which they possess ; but more 
pRTticularly in consequence of their connexion with the nn- 
inerous air-cells which are expanded over the whole body.t 

The lungs themselves are comparatively small, flattened, and 
adherent above to the chest, where they seeui to be placed in Ae 
Intervals of the ribs ; tbey are only covered by the pleura on 
Ibeir under surface, so that they are in fact on the outside of the 
* cavity of the chest, if we consider that cavity as being defined' 
by the pleura ; a great part of the thorax, as well as the al>< 
donien, is occupied by the membranous ur-cells,}; into which 
the lungs open by considerable apertures. Those of the tho- 
rax arc divided, at least in the larger birds, by membranoni 
transverse septa into smaller porlions,^ each of which, as well 
as the abdominal cells, has a particular opening of communica- 
tion with the air-cells of the lungs, and consequently with the 
trachea. The membranes of these cells in the larger birds are 
provided here and there with considerable fasdculi of muscu- 
Ur fibres, which have been regarded as a substitute for the 
diaphragm, which is wanting in this class of animals. H They 



* TyuD's Aiuttmy ef a Phoeana, p. 30. 

t LadUI. Chernak De Re^nratiant Fultiemm, 1773, 4to. Fuld De OrgantpMtl 
Ava qnrilum dunnt, Wirc^ 1816. Harvey Di Gentrat, AnbnaL 1661. ' 

t Ducmered by Hirve;, Dt Gnurstioiw AtAaaUum, p, 4. 

i Ferranlt, Ecuu di Pht/iique, tom. iii. Ub. IS, of the Dstrich. 

n Cup. BarthoKti DiigAragautta Stnetura Nobo. Paiii, 1676, 8, p. 31. Uodm 
ioDUini>t9 have been divided on the qaeatioD, wludi oS the meinbraAei,.ia nr •bum 
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tSaO senre rery principally, as we may ascertain by examining 
large birds in a living state,* to drive back again into the 
lungs the air which they received in inspiration, whence the 
repletion and depletion of the thoracic cells must alternate 
with those of the abdominal cavities.t 

The cartilaginous annuli of the trachea, which are in general more 
complete in Sie other mammalia than in man, are per&t circles io 
birds, and overlap each other at their upper and lower margins. 
Hoice the diameter of this part is not affected by any twisting motion 
of the neck. 

The air-vessels are considerably laiger than in the mammalia, and 
ihe substance of the lungs is not divicfed into lobuli. The cartilages 
of the. trachea are lost before that tube enters the lung, and some 
of its large brandies open on the surface of the viscus. In the 
ostrich this aperture is surrounded by circular muscular fibres, a 
peculiarity which does not seem to have been hitherto noticed 

§ 179* Besides these cells, a considerable portion of thf 
skeleton is formed into receptacles for air in most birds ; for 
there are indeed exceptions and considerable variations in the 
different genera and species. This structure is particularly 
marked in the larger cylindrical bones, as the scapula, claviclci 
and femur. It is also found in most of the broad and multan- 
gular bones of the trunk, as the sternum, ossa innommata, 
dorsal vertebrae, &c. All these are destitute of marrowt in 
the adult bird, at least in their middle ; so that the cylindrical 
bones form large tubes, which are only interrupted towards 
the extremities by a sort of transverse bony fibres ; the broad 
bones are filled with a reticulated, bony texture, the cells of 
which are empty. Tl^y have considerable apertures § (most 
easily, shown in those extremities of the cylindrical bones 

tiie chest of the bird, can be properly compared to the diaphragm. See J. Hunter, 
in the PMIm, T\rans^ vol, Uiv. part i. p. 207 > and Mich. Girardi, in the MemorU 
dtUa Soeieta Italiana, torn. ii. part ii. p. 739. 

* Wepfer, Cicuta Aquatiea Hi4m^, p. 17U 

t J. K Du Hamel, Histmia Aettdm. Reg, Scifint. p, U1« 

I This fact was known to the Emperor Frederic II. See his treatise Dt Ar^ 
veHmi4i cum AuUna, p. 39 of Stthneider'ti editios* 
( Camper's ir2«tii«<$eAr^lin,,vid.i.patfi.t«Wl and 4. . 

N 
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vbidi are turned towards the etcmum) communicating wi£ti 
the lungs by small air-cells ; which facts may be shewn by yt^ 
nous experiments on living and dead birds.* 

Tlicsf receptacles of air probably serve the purpose oi 
lightening the body of the bird in order to facilitate its mo- 
tions. This effect is produced in most birds to assist thrir 
ISight ; t in some aquatic species, for the purpose of swimming; . 
En the ostrich and some others for running. Hence we find 
the largest and most numerous bony cells in birds which hart 
the highest and most rapid Bight, as the eagle. Sec. Asi 
Jience also the bones of the bird which has just lefl the egf^ 
are filled with a bloody marrow, which is absorbed soon afler' 
birth, entirely tn some, in others, particularly among tbd 
aquatic species, for the greater part. 

We may however conclude on the other hand, that eJI' 
these bony receptacles of air are not, like those of the thorax 
imd abdomen, immediately connected with the respiration of- 
tho animals. For in many birds the interval between the two 
tables of the cranium contains air, while the apertures for lA 
admission are not connected with the lungs, but merely widi 
the Eustachian tube. 

^ 180. The immense bill of some birds, which are for that 
reason called leriroslres, is provided with air from the same 
quarter. This structure is not therefore cormected, as some 
anatomistsf have supposed, with the oi^^ of smelling, but 
forms a part of the air-cells. 

k 18I- Besides the uses wluch have been already pointed 
out, these receptacles of air diminish the necesnty of breath^ 
log frequently in the rapid and long continued motiotu of se- 

■ * Some cuiiduB experiments hsve been made oa thta mbject by Dr. Albert. He 
made liTiag birdi ropire the difitrent gaoes through tbe ur-celli tj their booet I^ 
meuu of an apparatua inTcnted for the pntpoae. See lui BejftrSge kit JnoMnt 
tHuI Fhyiialogu tUr Thiert, part i. Bremen, IBOS, 4, p. 110. 

t Willis De Anima Bnttoniiii, p. 30. Reimanu, in Reil'i and Anteuiclb'i 
AvUv. voL li. p. 229. 

t Cajet Monti, in the Cimnimt. Iiutit. Bon«b'toi& iii. p,39B; and lecentljS.' 
Traill, in the TViDu. of' tiba X4nnaRn &K>elSii volt xi p< 11> 
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▼end 'birds, and in the great vocal exertions of the singing 
teds*^ They are also obviously serviceable in the evacuation 
of the fasces, and probably assist in the expulsion of the egg* 

.The bones of birds, in so far at their air-cells are concerned, form 
t^o distinct systems, the one being filled with air through the trachea 
and lungs, the other immediately from the mouth or nose. To the 
latter the bones of the head, to uie former those of the trunk, of the 
neck and extremities belong. With very little practice one may tell, 
in a bone fully developed, whether it contains air-cells or not, from 
the mere external appearance, without at all seeing the opening 
through which the air enters. Such bones, in addition to their bcdng 
devoid of marrow, are generally of a clearer white colour than those 
0}led with marrow. FrequentW the external walls of the air-bones 
are so thin that their internal ceus can be very well seen. Neverthe^ 
less, mere external appearances may deceive, and in order to pre- 
vent this the openings leading to the air-cells should be sought for- 
These. openings are in gener^, as their connexion with the lungs or 
air-tubes renders necessary, situated in concealed parts, and the ex- 
tremities of bones. This circumstance, coupled with their smallnesf^ 
mates their discovery so difficult, that in many cases not only the 
dieaning of the skeleton and the separation of the bones from all their 
connexions, but also the minutest examination of their surface, are 
jdiscessary to discover their existence. In long bones the openings to 
the air-cells is generally situated close to either extremity. In bones 
which exist in pairs there is commonly only one, or where several 
exist diey are so close together as to be nearly united. The directioi| 
in wnich the openings penetrate the bony parietes is not uniform. 
Soipietimes it is oblique, so that a short oblique canal is formed ; at 
others there is an oblique groove with a sieve-like base for the entrance 
of the air. The edges of the openings are even, smooth, and rounded, 
which gives them a peculiarly regular appearance. Their shape is 
either circular, oval, or elliptical. Their breadth bears some kind 
of jnroportion to the size of the bone, or at least to the .extent of 
the internal cells, so that large birds, and large bones, have much 
laorger openings than the smdl ones. There are, however, very xe- 
liUffkabi^ exceptions. With respect to the internal air-cells great 
di£fetences exist. There has been found in the internal periosteunt 
which lines the air-cells, in the bones of the upper and lower extre-: 
mities, a fine net-work of blood-vessels. It is known that the air- 
bones in young birds are filled with marrow, which becomes gra^u- 
Idly absorbed to make room for the admission of air. This gisAiM 
expansion of the air-cells, and absorption of the marifow» can. no 
where be observed so well as in young tame geese when killed at dif- 



* Willit JU Anma Brutorum, p. 30. 
N 2 
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lutat periods of tlie aucumn and winter. The limits to the air-c^ 
may be clearly seen from without by the transparency of the bony 
porielcs. From week Co week the air-cells increase in size, till to- 
wards the close of the season the air-bones become transparent. In 
ail those bones the marrow first disappears from the vicinity of the 
Bpening which admits the air, and continues longest at the points 
nmher removed from this operilng. Towards the close of tbe sunt^ 
mer and beginning of autumn, although in external appearance ths 
' JOMtie goose resembles the parent, no trace of air-cells can be disco- ' 
f tercd in its bones, the interior of the bones being then filled with 
I marrow. About the fifth or sixtli month the marrow be^na to dis- 
[ ttpear. This circumstance, which applies also to otliei birds, show) 
I Wth what caution one should form an opinion, from young birds onlyi 
\ on the size of the air-cells. In many kinds of birds the air-cells sc 
t aome bones are never fully developed, although they have the opetf 
logs in the bones which lead to the air-cells. The obvious use or this 
[ nostruction in the bones of birds, appears to be that of lessening tlv^ 
" «ght of the bone as compared with its size, without at the sama 
me diminishing their necessary peripherieal extent. Whether birds 
Msess the power of voluntarily letting out the air so as to render 
lera specifically lighter, or whether they contain lighter gases in , 
Aem, has not been ascertained, fi'i/. Niizsch's Ostcograf. BeUrage, 
p. 3. 

" In the eagle, hawk, stork, lark, and other high flying birds, thea^ 
eells are very large ; and in many of those birds there are still largef 
erils, ascending under tbe integuments of the neck, and passing be^ 
neath the akin of the inside of the arm and back of the shoulder. In 
the stork we find these cells large enough to admit the finger to pass 
B considerable way down upon the inside and back of the wing, fliqi 
«re also large in the owl and other birds of prey." Macartney in 
Jiees's Cyciepedia, art. BJrds. 

AMPHIBIA. 

} 18S. The liinga of amphibia* are diatingdshed ttaa 
ttiose of warm-blooded aninials, both by a great superiority b 
point of size, as well as by a greater looseness of texture ; wludi 
eurcuinatances are serriceable in swimnriiig in many %A ibsSt 



It is well known that the lungs of turtles aoAfroga do not 
eoDapse on opening the nnimftla, like Aose of mammalia but 
often remain expanded, at least partiaQy, for some tinre. A^ 

* Oq tlte m^ntory ^Icm of ihii dasi, see Meckel, in his ArMv. rel. ir. p. 
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pig^i, and lately Townson,* have explained this phenomenbii 
1^ the aetion of the constrictor muscles of the glottis. Bre- 
mond thought this insufficient according to his experiments^ 
and ascribed much effect to the peculiar vitality of the liings.f 

' The amphibia are distinguished in all instances by the great si^ of 
their air-yesicles. In thefrogSf lizards^ and serpents^ the long consists 
of a cavity, the aides of which are cellular. The lower, or posterior 
part of the organ, either forms a mere membranous bag (die parietet 
t>f which are not cellular), or else the vesicles are larser at that part 
^lan elsewhere. In the serpents the lung has that elongated finrm, 
wlMcfa charact^izes all the viscera of these animals. A conkiderabla 
portion of it is a simple membranous cavity ; and this is siq^lied 
jvith arteries from the surrounding trunks. The ttartUs have a more 
ONnplicated structure, or one which approaches more nearly to that 
of die warm-blooded classes. The lungs are uniform in their textnre 
tbroiighout, but the vesicles are very krge. The cartilaginous an* 
noli of the bronchi terminate before uiese vessels enter the luQgs. 

. % 183. There are numerous projecting processes in the 
lungs of the cJMmele(m% and newt; in the latter animal they 
terminate behind in an elongated bladder. The serpents^ at 
least for the most part, have only a single lung, which forms 
an dongated vesicular bag. In a coluber of four feet and a 
half long, the lung measured one foot one inch ; its anterior 
half resembled a muscular intestine in appearance, and had an 
elegantly reticulated internal surface, which resembled on a 
small scale the inner surface of the second stomach of the 
ruminating animals. The posterior part formed merely a 
simple and long cavity with thin sides. 
, I 184. In the tadpole, and the young -of such Uzarck as 
fadng forth in water, there are two organs, which somewhat 
testeible the gills of a fish (appendices ^fimbriata, Swammer- 
dam).§ It has been doubted whether the young of the true 

* D§ AmphUmt. Go«tt. 1794, 4. 

f See on the same subject Rudolphi's ezperbnents, ia his Amaomiuh-Phftiologii' 
eA# JJItfuuidlungeM, p. 119. G. R. TreTuranus, Biologie, vol. iv. p. 141 ; and e^* 
ciallj Const, de Weltzien De pulmowum autenergia in ofgaiaico retpirationu nteeko' 
nmw. Doip. 1819, 102. 

f VaUisnioi's IsUnia del CamgUmU, p. 68, tab. 3. 

§ BUfUa Naturigf p. 8^. Rosel, tab. 2, fig. 18 ; and especially Com. de 
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^Umandcr are provided with these appendices ; and I^trciile, 
in his H'uloirc Natiirelte dc3 Salamandres de France, p. 19, 
and se<^. linM tlie followiiig question, " Lesjeunet salamatidret 
lerrextrei ont eilt-s dfs branches? roHa une gtiestion que je 
mets encore an rang des probletnes," I answered this question 
in llio alSrmative forty-one years ago ; having observed tliat 
the young of some pregnant salamanders, whom I kept in my 
room in glasses, and who brought forth under my inspection, 
had considerable brancliial appendices.* These appendices 
&rc connected to the sides of the neck, and hang loose from 
the animal ; they are not permanent, but are gradually with- 
llrawn into the chest, (within a few days, in the reptiles of 
this country (Germany), where their remains may still be per* 
eeived for some time'f near to the true lungs. That doubtfid 
animal, the siren lacerlina from Carolina, has, according to 
Hunter's dissection, two bladder-like lungs, besides the extep* 
nal branch isc. I 

The same circumstance holds good respecting that no less 
mysterious creature, the proleus angumus, from the Cirknite 
or Siiticlier lake of Carniola ; whose remarkable internal sfmo' 
ture has been described and delineated by Dr. Schreibers in 
the P/iihs. Trans, for 1801 ;| and more recently by Signers 
Confiylinclii and Rusconi in their elaborate monograph on the 
proleus emguinns. 

Instead of the branchial opening by which fishes again dis- 
charge the water, which they have taken in at the montli,' 

Ibualt Obtnvatiima di Metamarphoti juaruadam partmm Kana Untporaric Gnun^ 
1820 ; aod M. Rusconi Dtgii organi dtUa circoliaume diilt lariw diUc fluliimpiln 
aquatithe. Paris, 1817. 

* See the Spaimtn Phyiiohgia comparala, in the 8th vol. of the Gottugm Com 

1 Swammeidoni, loo. cilat. Roiel, p. 83, Ub. 19, Sg.i. 
- t PAitM.rraiu.yol.il*. p. 307. 

i On these two mysterimu uiimgils, as well as iht lunte of KTCial Jn^ 3"^ "- 
lamaiulen, consult Caviec'i Rtchtrcha AnaUmiquet wr la Rtplilti rtganUs «iicsn 
eoniine dimtetLi par let NatuTalitta. Far. 1807 ; Ilumbeldl's TniTelt, and Bon- 
pland's Sod part of hit Obernliinu d'^fnolomu comparjc, let vol.-lSl], ConSgli- 
^i e( Rusconi Uonografia dtl Praltc ai^tiui. Pav. 1319. 
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some tadpoles have for this purpose a canal on the left side of 
the head near the eye^* which must be distinguished from th6 
small tube on the lower lip^ by which they attach themselves 
to aquatic plants.*}* 

Afler an elaborate anatomical description of the proteus anguinuSf 
Signers Configliachi and Rusconi proceed to inquire whether it b^ 
true, as many naturalists have believed, that this reptile breathes 
with its branchiae and lungs at the same time, and, secondly, whether 
' the siraia lacertina is to be considered by zoologists as a larva, or as 
a perfect animal. In respect to the bony apparatus of the branchise, 
they fi)und a remarkable difference between the proteus, the sirma, 
and the larvae of salamanders sluA frogs, both as to form and hardness. 
In the sireii and latva there are four branchial arches on each side, 
which are furnished with several projections on the surface ; in the 
proteus there are but three arches, which are perfectly smooth ; those 
of the proteus are osseous, while those of the siren and larva are cartila- 
ginous. These differences did not escape M. Cuvier, who in speaking, 
of the proteus, observes, that the bony apparatus of the branchiae is 
much harder than it is in the sirena and the axolotl. Signers Con- 
figliachi and Rusconi observed in the larva of frogs, that when their 
spine is nearly hardened into bone, and their metamorphosis is 
beginning to be accomplished, the branchial arches become softened, 
wad ready to be- absorbed. They observed the same thing: in the 
larvae of salamanders, with this difference, that the ossification of 
itie spine takes place in the latter much sooner than the period 
of their metamorphosis ; and when that period arrives, the portion of 
their branchial apparatus, which remains to be converted into the 04 
byoides, instead of softening, becomes hardened into bone* Thus 
their observations fully confirm the conjecture of M. Cuvier, who, in 
his description of the axolotl, has observed, that the apparatus sup< 
porting the branchiae has a great resemblance tcr that of the sirena^ 
and that probably, at the period of its metamorphosis, a portion 
rmains to form the os hyoides of the salamander. Now, if the 
branchial arches of the sirena, dissected by M. Cuvier, were entirely 
cartilaginous, although the cranium, the lower jaw, and the vertebrae^' 
^re already perfectly ossified, and if these are similar, in form and 
iiumber to those of the axolotl, which, in the opinion of M. Cuvier 
himself, is a larva, and if, ihOreover, the branchial arches of th6 
proteus, which is a perfect animal, are Osseous, and different in 
all respects from those of the larvae hitherto known, do not all these 
facts furnish us with a strong argument to prove that the sirena 

*' Rosel, tab. 8, fig. 7, 8. This organ is very conspicuotts in the Urge larvtt $i 
iMe'rafid paradoxa, 

" f Roset, tab. 14, fig. 17. Rosenthal, in the VerhandL der Berlin naturf&fiQK 
Gesellschf vol. i, part 1, 1819. ^ - . • . . ^ 
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ttKtriina it a perTcct ininuil, and therefore essentially difTerent from 
the prolan T Signnrt Configliaclii and Rueconi, alter a minuie exa- 
tninatinn of itie orj^nv of circulation and respiration in the prgteai, 
■frrtw, and above menuored /omr, conclude, that tlie pioltui 'itigumu 
» not nn amphibious animal, with a double circulation, as many have 
aaacrivd, but a pcrfrcl reptile, entirely differing from all othera, 
inasmucli a« it ii a reptile in respect of its sitnple circulation, and a 
fish in respect of its mode of breathing; in other words, it is a reptile 
which in breathing inhales air mised with water, whereas oth^r rep- 
tilea breathe atmospheric air ; so that if ne adopt the notion of a 
chain of beings, the proieui iinguinut would be the link uniting rep- 
tiles with f)sbes. As the piottv* is an animal which breathes only in 
the water, and as its branchial circulation can be regarded only ai a 
DiinuEe part of its f^enerel circulation, it follows that it consumes 
kw oxyifen than fishes. Hence the quantity of blood which is de- 
cubonized in its branchiee, within a given space of time, must be 
much IcM than that which, under similar circumstances, is decarbo- 
niacd by fishes. Tliis accounts for its inertness, its slow growth, its 
power of fasting longer than any other animal of its class, the fluidity 
of il« blood, and its capability of living in stagnant water, where a 
fiah of its size would die. 



S 185. Instead of lungs, this class of aniraalii is furnished 
with gilU or brancfiia ,• which are placed behind the head, on 
both sides, and have a moveable gill-cover, (operculum bran- 
chiale) which is wanting in the order of pisces chondropteryga 
only. By means of these organs, which are connected with 
the throat, tlie animal receives its oxygen from the air contain- 
ed in the water ;* ai those animala which breadie, derive it 
immediately from the atmosphere. Tbey afterwards dischai^ 
tbe water through the branchial openings {aperturee bran- 
ekialea) ; and therefore they are distinguished from animals of 
tbe three preceding classes by this circumstance ; viz.diatthe; 
do not respire by the same way that they inspire. 

S 186. We have already shewn how the gills receive the 
venous blood by means of the branchial artery, and how dua 
blood is sent into the aorta after its conversion into the arte- 
rial state. The distribution of these vessels on the folds and 

* VideDumeril, oa tbe nucbsoUia of rc^iratioB ia fiahti, ia tbe Jt^asiii. £w^ 
clff*diiae, bj Millin, 1807, vol. vi. p. 3$. 
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^iriadohs of the gHIs constitutes one of the most delieate and 
iimrate pieces of structure in the animal economy.''^ 

Each of the gills consists, in most fishes ,f of four divisional 
resting on the same number of arched portions of bone or car- 
tilage, connected to the os hyoides. Generally there is only a 
single opening for the discharge of the water ; but in many 
eases, particularly among the cartilaginous fishes, there are se« 
teral openings. 

- § 187. Many animals of this order possess a single or dou- 
Ue swimming bladder, { which in the firesh-water fiiriies of this 
country, (Germany) contains azotic gas; and in salt-water 
fishes, chiefly carbonic acid gas. It has not been hitherto de- 
termined, whether it be subservient to any other iunctions,^ 
besides that well known one, from which its name is derived. 
In the mean time, like the air-receptacles of birds it may be 
considered without impropriety in the present division of the 
work. 

It is placed in the abdomen, and closely attached to the 
spine. It communicates generally with the oesophagus, and 
SQinetimes with the stomach, by a canal (ductus pneumaticus) 
containing, in some instances, as the aBrp, valves which seem to 
aUow the passage of air from the bladder, but not to admit its 
entrance from without. 

r •' , J 

4 • 

The air-bladder does not exist in many fishes ; whence Cuvier ar- 
gues with justice against the opinion which assigns ihis part an im* 
portant office in respiration. Indeed it seems much more probable 



* fiflcher's Naturhistor, Fragmente, vol. i. p. 213. 

f It is represented by Monro, in the luiddock and iobncn, tab. 35 and 26, 

X See Gott. Fischer uber die SchwhnmbUue der Fitche, Leipzig, 1795, 8vo. ; and 
additions to it in his Naturhistor. FragmetOe, vol. i. p. 229, &c In both these works 
be delineates the bladders of several fishes. Reptesentations of several others may 
Ifi leen in Needham De Fommio Fmtu, tab. 7. Redi, D§ VtvtntHnu kutru Vhmtk, 
tab. 3, 6 ; and the Obs. Anat. CollegU privati AmsUlod. pt. 2, tab. 10. 

$ Consult Aug. W. Zachariii's ElmuMU der Li^Udnoimmkutut, l^tteab. 1807, 
p. 90. 

Ob the remarkable connexion with the organ of hearing* vide £L H. Weber D§ 
mir$ AnimaUumjitiuoHlitm, lips. 1820> 4* 
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t in lubKCTvicnt to the motions of the animal. For it is taf 
^1 in such fitihc* as swim with considerable velocity. It is want- 
ing in tlic flat fishes ; where the large lateral fins supply its place, and 
in thv tiark, where its absence is compensated by (he size and strength 
of the tail. It does not exist in the tamprei/, which possesses none of 
Uicxc com pensai ions for its absence ; that ^sh therefore creeps slowly 

I At the bottom of the water. 

I < It is found in some speciea of Komber: while others want it, vii. 
Ac mackarcl (scomhrr icotiibnii). Its form is infinitely varied in the 
different genera and species. Its cavily is generally uniform; but 
sometimes divided by septu, as in the lilurm : and being even very 
cellular in tl)e diodon. 

It» aides vary considerably in thickness, and arc sometimes bony, 
as in thecubiiUJbuilis. 

There is generally a vascular and glandular body situated in the 
cavity, which probably secretes the contained air. In the perca labrax 
no two bodies on the outside of the bag, giving rise lo several ves- 
icl>, which contain air. These unite together, and open into the ca- 
vity. 

INSECTS. 

^ 188. Thai wliite-blooded animals indispensably require a 
species of respiration, would have been inferred by analogy 
from the wonderful apparatus of gills or trachese, which have 
been discovered in most orders of both classes of these beings* 
But in many cases direct pioofhas been obtained on this point: 
experiment has actually proved the exchange of carbon for 
oxygen.* 

White-blooded animals are moreover distinguished from 
those which have red blood, by this circumstance, that none 
of the former, as far as we hitherto know, take in sir through 
the mouth. 

% 189. Many aquatic insects,-)* as the genus cancer, have a 
speues of gillsj: near the attachment of their legs. The others, 

* See the two (bllawing very valuable woits, F. L> A. Sorg, Dts^Jnlta PAt|iUi>- 
gita.circa B^t/nrationem Imedamm tt Vtrmium ; luld Fr. HausmanD, Ttnlamen mlu- 
tianii a SoeUtat. B*g. ScimtioT. Gotting. area Rt^nratUmetn JiuKtnnm pnpimta' 

. ^ l.T. MiTtiDCt Dt JU^atUmi JnKclorum. Lugd. Balav. 1763-4. 

J They are represealed in the crawfish by Willis, De Anima Brutorum, tab. 3, fig. 3 
and 3 ; and io SiMd'i ItoKlmbtliitigvngen, part iii. tab. 5S, fig. 9, tV, tab^ 59, fir. 
17 ; and in G. Socuiw, Sptcimen Mynltgia lauctoruni, tab. 1, fig. t. *" ' 
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ftnd particularly the land-insects, which constitutCi as is well 
known/ by far the greatest number of this class of animak^arft 
famished with air-vessels or tracheae, which ramify over most of 
iheir body.* These tracheae are much larger and more Jiumer-^ 
•ous in the larva state of such insects as undergo a metanu»r« 
phom (in which state also the process, of nutrition is carried 
on to the greatest extent) than after the last, or, as it is called,, 
the perfect change has taken place. 

In this class of animals the scorpions^ being also provided 
with fins, present an extraordinary instance of an animal, 
which, though living nearly in the air, breathes like fishes.f 

^V 1^« A large air-tube {trachea) lies under the skin on eiich 
side of the body of larvae, and opens externally by nine aper^i. 
tu?es (siigmata): it produces on the inside the same number of 
trunks of air-vessels, (branchiai) which are distributed over the 
body in innumerable ramifications.JT 

Both the tracheae and branchiae are of a shining silvery co* 
lour ; and their principal membrane consists of spiral fibres«^ 
The most numerous and minute ramifications are distributed oil 
the alimentary canal; particularly on the above-mentioned 
leorpus adiposum. 

§ 19L There is a great variety in the number and situa-^ 
tion of the external openings by which insects receive their 
air.§ 



* Cart. Spreyel De partibus quibus intecta tpiritum dtumnt, Leips. 1816. ' 

f Treviranus iiber den innem Ban der Atachniden, Nvmb. 1812. ^ 

X "Lyonet Anatomie de la CheniUe, &ctab. 4, 5, 6, 7, 10, and 11. The same 
organs have been represented by Swammerdam, in the tcarabaus wmcofnis, tab. 29> 
fig/9, 10, tab. 30, fig. 1, 10. In the lueanus cervus (stag-beetle) by Malpighi, Di^ 
Bamhyce^ tab. 3, fig. 2 ; in a cicada, ibid. fig. 3. In a gryUus, (grasshopper) ibid*. 
t9Jb; 4,. fig, 1 ; also by Cuvier, in the Mi^m. de la Soc. d'Hist, Natwelle de Parit, an 
7 J p.. 39. In tUe silk-worn^.by Malpighi, tab. 3, fig. 1. In a UbelUUa by Cuvier, 
in ^e work just quoted, fig. 2, 5, 6. In the Ephemera by Swammerdam, tab. 14, 
fig. 1, tab. 15, fig. 1, 4, 7. In the bee, ibid, tab. 17, fig. 9, 10, tab. 25,. fig. 10, 
tab. 24, fig. 1, 2, 3. In the astrus bovis, by Mr. B. Clark, in the Transact, rf the 
i^nnaan Society, vol. iii. tab. 23, fig. 25. In the maggot of the fly by Swampaerdam^ 
tab. 40, 41, 42, 43. In the bmte, ibid, tab. 1, fig. 8, 4, 7. 

§ See the woric above quoted, by Hanssmann* 



I 
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In tnosl initanccs the stigmata arc placed on both sides of ' 
the body. The atmospheric air enters by an opening at the 4 
end of the abdomen in several aquatic larvse, and even perfect 
insects. A »ery remarkable change in this respect takes place 
in several animals of this class during their metamorphosis. 
Thnu in the Uiira of the common gtiat, (_culex pipiens) the aiz 
enters by an opening on the abdomen ; while in the nymphft 
of the same animal, it gains admission by two apertures on the 
head.* 



^ 193. In this class, which comprehends such very different 
animals, the structure of the respiratory organs is proportioo- 
■fly Tarious.f Some orders, as those which Inhabit corali^ 
Ae proper zoopkytea, and perhaps the intestinal tcorms, ap- 
pear to be entirely destitute of these organs ; so that if any 
vital function, analogous to respiration, is carried on in these 
animals, it must he effected by methods which yet remain to 
be discovered. 

^ 193. Those vermes, however, which are furnished with 
proper organs of respiration, have the same variety in th^ 
Structure which was remarked in insects. Some, as the ewEtfe- 
fit^tX '>y*t^tS &c. have a species of gills, varying in structure 
in diSerent instances. But the greatest number have wr-veS' 
sels or traches>lj Several of the testaceous vermes have both 

* Swamrocnlain, Algtm. wrhaiuU. Fan 64 Btetdtlafl Surbni, tab. 2. 

f Ilie reader may coimlt on this subject Cnricr, in the Jaaiui d'HiNoirt Xa- 
mrtlU, 1793, tow. ii. p. 8S ; and in hU Taiiiau d'Hiilain NoiurvUi da Aiammt, 
p. 384; alio Sorg and HaunmauD, in tbeii worLi quat«d above. And Spallanuni 
IS i mtir a wr la Bt^nniim. Geofvc, 8vo. IB03. 

t BwaiDBcrdam, BiMia Nahmi, tab. SI, fig. 1. Monro, tab. 41, fig, 1. Aad 
fiuticalatlj Dr. C. F. O. Tilenn* Di R«ptn>tlim< Sepim Offianala. lipi. 1801-4, 
Ub. 1, 2. 

i WUlis, tab. 3. 

B Eiamplea at thia itiuctun in teataceoui veimea ma; be Mcn in tbe iipat talauu, 
f acorn-ihell) Poll, Ub. 4, Gg. 30, 23. In the pkolat liaciyliu, (piem-atone) ibid, 
tab. B, Gs.61. In the(»JM«T^iIaliu, (taioi.4heU)tab. 13, fig.5. la Hit hiliz ft- 
matu, (mail) Swanuntidam, lab. 4, fig. I, 

The 
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kinds of respiratory organs. In some of the inhabitants of bi- 
valve shells, as the genus Venwl^ the air-vessels lie between 
the membranes of a simple or double tubular canal, found at 
the anterior part of the animal, and capable of voluntary ex- 
tension and retraction. It serves also for other purposes, as 
laying the eggs. The margins of its mouth are beset with the 
openings of the tracheae. 

In the terrestrial gasteropodous mollusca, of which we may in- 
stance the snail and slug, there is a cavity in the neck receivinff air 
by a small aperture, which can be opened or shut at the will of the 
animal. The pulmonary vessels ramify on the sides of the cavity. 



The common slug affords an instance in the mollusca, see Swammeidain, tab. 8^ 
fig. 7, tab. 9, fig. 1, and the Uoeh in the intestinal wormi, Bening De Hirudmibui, 
p. 20 ; and P. Thomas, HiOoIre NatvreUe det Sang$im, Par. 1806. 

«^ in the Vmut lata, PoH, tab. 2, fig. 17. 



CHAPTER XV. 

ON THE OROAN OF THE VOICE. 

' % 194. Aristotle has correctly observed, that those animala 
only, which possess lungs, consequently the three first classH 
ot the animal kingdom, possess a true voice. Several genen 
and species even of these are either entirely dumb, as the tad-v 
eater, the ■manis, the cetacea, the genus iestiido, several Uzardt 
mi serpents; or they lose their voice in certain parts of the 
e&rth ; as the dog in some countries of America, and guaiU* 
tadjrogs^ in several parts of Siberia. 

In a preparation — a dried one indeed — of the larynx aott 
lungs of the two-toed ant-eater, I find the larynx entirely bony, 
that is, of the same substance with the os hyoides. The tra- 
chea, which is extremely short, is a merely membranous canal, 
without any perceptible trace of cartilaginous rings. J. Hunter 
found no thyroid gland in the whales, which he dissected. 
This coinddes with the hypothesis upon which this gland is 
supposed to be connected with the formation of the voice. 

MAMMALIA. 

§ 105. Most animals of tliis classj; have the following cir- 

* PeDDint's Arctic ZwUgy, torn, ii. p. 320. 

i Mullcr'g Sammtung Rumcher GachichU, vol. vii. p. 123. J. C. Beclmuui'i 
Histariicht Bixhrtibung der Chur und Mbrft- Brondnidurg, vol. i. p. 590. 

t Besidei ihe two old and highl; vaJuable works on tbe oi^an of the voice, hj 
Ca^serins and Fa.b. Ab Aquapendente, asd tbe writings which we >h<dl have occi- 
»onto quote in the sequel, I lefci the readci to M. J. BuKh, DiiiBi.dt Medianimi 
Organi Vocii, Gioaing. 1770, 4to. which conttiiiu several eicellent obiervaliaiii by 
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cumstances in common ; their rima glottidis is provided with 
an epiglottis, whicli in most instances has a peculiar muscle 
arising from the os hyoides, and not found in the human sub- 
ject : the margins of this rima are formed by the double liga* 
menta glottidis {ligamenta thyreo-aryt(Bnoidea)\ between whidi 
on each side the ventriculi laryngis are situated. The epigloCr 
tis does not exist in most of the bat kind ; and in some mouse? 
like animals, as the reH-mouse^ (glis esculentus) it is hardly 
discernible. The superior ligamenta glottidis, as well as the 
ventriculi laryngis are wanting in some bisulca, as the ax an4 
sheep. ; 

; § 196. Some species of mammalia have a peculiar and cha- 
racteristic voice ; or at least certain tones^ which are formed 
by additional organs. Thus there are certain tense mem- 
brwiies in some animals ; and in others peculiar cavities, open^ 
ing into the larynx^ and sometimes appearing as continuations 
of the ventriculi laryngis, which are destined to this purpose* 

The neighing of the horse, for example, is effected, by a de- 
licate, and nearly falciform membrane, which is attached by 
its middle to the thyroid cartilage, and has its extremities run? 
Ding along the external margins of the rima glottidis.* r 

Tbe peculiar sound uttered by the ass is produced b; 
means of a similar membrane ; under which there is an excfir 
yatiion in the thyroid cartilage. There are moreover two large 
mtoibranous sacs opening into the larynx.t 
. The mule does not neigh like the mare, by which it wa$ 
conceived ; but brays like the (iss which begot it. It possesses 
exactly the same larynx as the latter^ without any of the pecu- 
liar vocal organs of the mother : a fact which, like many others. 



Camper, See also L. Wolf, Diss, Anatomica de Organo. Vocis Mammalium. Berol. 
1812. On the peculiar structure of this organ in cetacea, qee Camper Sur la 
Structure Interieure deplusieurs c^tacSs. AlSers's leones, fasc. 3 ; and Rndolphi^ in 
Hie Abhandlung der Berlin, Akad physik, 1820. 

* Herissantin the M(^. de Tilcod. det 5r. 1753^ tab. 9. 

t Ibid. tab. la *. ' * , 
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tfutnot be at all reconciled with the supposed pre-extstene6 
I df previously formed germs in the ovarium of the mother. 

I have Adduced this esaential, and really specific differenee 

in the structure of the larynx of the horse ami ass : as one of 

the many arguments which overthrow the rule adopted by 

Ray, Buffon, and others, of ascribing to one and the same spe^ 

I des all such animals as [)roduce by copulation an offspring 

I capable of subsequent generation.* 

The cat lias two delicate membranes lying under the liga' 

Venta gluttidis; which probably cause the purring noise pe* 

I culiar to these animals.f ' 

The pig has two considerable membranous bags above and 

I in front of the tigamenta glottidis.]; 

Several apes% and baboont,^ as also the reindeer, haw 
L on the front of the neck large single or double laryngeal sac^ 
I Af vnrious forms and divisions, communicating with the laryiA 
I .by one or two openings between the os hyoides and thyroid 
[ onilage. 

In a common ape {simia ayhanus) I found the right laryn*. 
geal sac three inches long, end two inches in circumference^ 
while the left was not larger than a nutmeg. The larynx of 
the simia cynamolg«s may be seen in Camper's account of that 
animal.^ 

8orae of the cereopilkeci, as the cereopHhectts senicvlta, 
and BeeUebub, have the middle and anterior part of the mhy 
(Mes formed into a apherical bony cavity,** l^ which the ant* 

* See Oor^t namteim tf Slaneataeh't Xanial nattry, p. 8. 

f Ticq i'Atp, in dw Mfm, de I'Aait. da ScUtunt, IT79, tab. II, £g. IT. 

t Cuterio* D* TaeU AudUtaqui Organit, Ub. 11, Gg. 9, 10, p. S5, ai-gmmi 
turn bi porcu effUimdum, Heiiutuit, l<ii» ciuid, tab. II. 

f Ai the orang-oatang. See Campei'i Natural Hiaiot; of that animal— fhe Mt 
imnu, tee iMiyn^n Onaiiria dtr Ifatarfachichtt dir Mtnichemptcia. 

I It ii repreientEd. in tha "■■"■'"il, ^pqpiii tnainum) by Tioq. i'^ji, Imv eitet^ 
tab. 7. 

^ Camper, Imp einis, tab. 8, Eg. 7. 

•• Vkqil-Aijr, ls«.dt.titi.9, to. Cunper, tab. 4. 
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mals aie enabled to produce those terrific and penetrating 
lones^ which can be heard at vast distances, and have gained 
them the name of the howling apes. 

The larynx of mammalia is generally of the same conformation as 
in man. None of the large cartilages of the larynx are deficient, and 
the ppioipn that some animals of this class want the epiglottis* is 
quite erroneous. In several, as the bat for instance, it is extremdy. 
small. The size of the larynx is proportionate to the strength of the 
somids which the animals utter. The absolute size of the larynx 
of the whak and the elephant is the largest, but relatively the Uh 
xynx of the lion has a still greater circumference. The cartilafles 
vary in their form ; in the cercopitheci seniculi the os hyoides is di- 
lated to a large bony pouch, and the thyroid cartilage at the same 
time bent forwards, ^mich explains the deafem'ng noise which they 
^mit. In some animals, as the antelope guiturom, there is a dilatation of 
the thyroid cartilage, and in some Uiere are fleshy appendices, or air- 
tecs, which have their exit from the ventricles of Morgagni, or beloW 
the ^iglottis, and therefore are sometimes single and at other timeii 
double. The apes of the old world have these sacs, and the orange* 
outang has them doubled ; in others, as the green ape, they are sin- 
gle ; tliis is also the case in the reindeer. In reality the depressions 
of the ventricles in the pig, or above the thyroid cartilage, as in the 
h0r§e and ka$iigmroo^ may be regarded as the incipient state of thia 
structure. 

, In most mammalia the number and situation of the vocal ligaments 
are the same as in man. The trachea in long-necked animals, is natural- 
ly much lengthened, and the number of rings increased ; in men there 
furefirom seventeen to twenty in number, whereas in the camel there are 
seventy-four ; in the stag, fifly-three ; in the bullockf fifty-two ; in the 
domestic mouse, there are from fourteen to fifteen ; in the Hedgehogs 
^bteen ; ii^ the rat, twenty-one ; in the heaver, twenty-two ; m thq 
car^opitk^cus ^eniculus, twenty-four ; in the bear, twenty-eight ; in the 
Iwma, thirty-six ; in the lion, cat, dog, and rabbit, thirty-eight ; in 
we hog, from thirty-eight to forty ; in the lynx and guinea-pig, forty ; 
in the hare, forty-four ; in the wolf, otter, and sheep, fifty ; in the roe^ 
sixty-three ; in i}a& ferret, sixty-seven ; in the seal, seventy-eight. lx\ 
many animals, as in the cercopithecus seniculus, lion, and bear, the spac;e 
between the end of the rings is very great, so that the trachea can be 
very considerably narrowed, which structure contributes to the inten- 
sity of the sounds they are capable of emitting. In the hyana the ex- 
tremities of the rings of the trachea lap over each other, and are also 
capable of being much compressed ; a structure which probably oc- 
casions the peculiar cry of that animal. In a few mammalia the tra- 
i^eal rings are closed : entirely so in the beaver, and in the upper part 
ofjthe trachea in the seal. The muscles and nerves of the larynx pre- 
sent in mammalia little variation from those of the human subject, ex- 

o 
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COM Uiat in mtny animaU ilioae of Uie epiglotlis are fully developed, 
whereiu in man tlicy arc very indistinct. See Rudolphi's Gruud- 
ru« der Pliynoio/;ie,vo\. li, part 1, p. 380; to which excellent work we 
ue indebted for much of the addidonal matter inserted in this edition. 



^ 107. The most striking peculiarity in the vocal organs of 
this class, a peculiarity which belongs to all birds with a very 
£ew exceptions, consists in their possessing, what is commonly 
called, a double larynx, but which might be more properly de- 
scribed as a larynx divided into two parts, placed at the up- 
per and lower ends of the trachea. They have also two rimn 
glottidis. 

% 198. The superior or proper riraa glottidis rs phced at 
ttic tipper end of the trachea, but is not fuciiisfaed with an epi- 
glottis.* The apparent want of this organ is con>pen8Ated in 
several cases by the conical papillce placed at both sides of the 

§ 199. The appariitus, which is chiefly concerned in fonb* 
ing the voice of birds, is found in the inferior or hronehial la- 
rynx. Hence the division of the trachea below the upper rima 
glottidis scarcely produces any change in the voice of several 
birds, as they can still utter sounds by means of the bronchial 
larynx.+ This larynx contains a second rima glottidis, formed 
by tense membranes ; which may be compared in several cases, 
particularly among tlie aquatic birds, to the reed pipes of an 
oi^an. It b furnished externa]!; with certain pairs of luasdei, 
vaiying in number in the difikrent orders and geaxxa. ; aai 
with a kind of thyroid glaad. The course uid propovtioifate 
kiigtii of the trachea, and partioiilsrly the stmetttre of thii ib* 



* The pan which Vftmn Ku duaibed ui die 34th voLoftbe PkUm. limK,f. 
113, a* the epiglotlu of the oilrich, it mertly a slight dev&tioD U t^ nxit d ftc 
tongue. See CnTiei. in the IHnagerie du ISuitum ffatiimal (j'I&t#in Tfilm tf i. 
No. 1, tab. 3. 

t Sbc Saventy, in Iba Hin. it VAad. it* SeitMtt, ton. &.f.7. Qimii, a 
the lltauait itUa Statti Italittoa, ton. ii. ipt, ii, p. T3T j ud CnntHiia As Mtfh 
tin. EneyciifUifut. Ana, i. torn. ii. p> 367, 
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finrior hrynXf Tary very conMderably* in the diflTerent species, 
and even in the two sexes, especially among the aquatic birds* 
IThus, for example, the tame or dumb swan (anas olor) has a 
p^aight tracbea, whilst in the male of the wild or whistUng 
BWBn, {eygnuB) this tube makes a large convolution, which is 
Csontabic^ in the hollow of the sternum (see § 56). In the 
spoonbill (jjaiatea leucerodia) as alsp in the phmannu motmai, 
and. others, similar windings of the tracheal are found, not in*- 
clawed in the sternum. In many swimming birds the males 
htave at their inferior or bronchial larynx a bony cavity, the 
fiMcn of which varies in different speciea,i and which contri- 
iMKbes to strengthen their voice.;]: 

^< A wry little comparison of the mechanism of wind musical in- 
atrwQMDts with the organs of the voice in birds will shew how nearly 
Aey are allied to each other ; and it may be observed, that the sound 
ppodttccd by some of the larger birds is exactly similar to the notes 
Oiat proceed from a clarionet or hautboy in the hands of an unto- 
tared muskiaQ. The inferior glottis exactly corresponds to the reed, 
aad produces the tone, or sim]^e sound. The superior lar3rnx gives 
te tttteranoe, as the holes of ihe instrument ; but the strength and 
body of the note depend upon the extent and capacity of the tra- 
^^faa, aad the hardness and elasticity of its parts. The convolution 
aobd bony cells of the windpipe, therefore, may be compared with the 
turns of a French horn and the divisions of a bassoon ; and they pro- 
An» y^ proper efiects of these parts in the voices of those birds in 

wUeh Ih^ are found." Rees's Cyclop(Sdia^ art. Birds. 

• 

' ' "r ■■'■ "1 ■' ■ ■ ■ '■ I. .1, - ■ I . I , 1. I ■ ,1 » 

^ . * On t)ie sulject of the broDchial laryiuc, Um reader may consult .Herianst, 
Viof d'Asyr, and Cavier, in their works already quoted : also another dinertation 
\§ ^ \ff^ avtl^ in the 3nd ?dl. of the fourth year of the Magaajm EncyckpHipte* 
%|p^4fi^ in the Xegaf^ Mugatifie for 1786 and 1787, and in |iis Taluable Ckmmtn* 
mp m ^ Woffh qf Frfdme If. pp. 32, 211. 
I iUdfpwiiidi has described thiU of the v/Ud iiMin. Ondlholog^ torn. iii. p. IS* 

That of the goot$ has been most excellently described by.Haller D$ partmm <0rp« 
kumam ftAnca et ftmctionibus, torn. Tii. p. 321, which may be compared with the 
beantifid delineations of Herissant,. he. dint. tab. 12. 

t Betides Heiiisant and Cuyier, loe, ciUU, the reader may consult Aldrovandi, 
OndihoL tom. iii. p, 190. WUloug^by, OrnUhoL tab« 73. Bloch, in the B^hUJU 
iir JMiner Naturf, OesdUeh. Berlin, torn. iv. p. 579, tab. 16 ; and in his woAa, 
iSakiii p« 372, tsb. 7. Latham, in Uie TnauaOiam of th$ Umnam Soeitty, vol. iv. 
p. 90, tab. 9, 16. 

I S^ I'aliiifHiiGis JiildaiiHS, Betchrt\bung dm' Furtr^iehhtit^ Anatmis, p. 323. 

o2 



mwm ON THE onoAN of the Totcr. 

^^ The larynx of b!r4a is divided into an upper and tower, and the 
ripwer forms tlie proper organ of voice. At tlie point where the 
9 uweMi bony ring of the trachea branehee off to form the bronchia, 
I 'Hie ikin folds on itself, and conBtilutea at the opening of each bron- 
r AuB an elastic membrane, which projects into it, somewhat analogouA 
I lo the vocal ligaments in mammalia. In the parrot tribe this division 
I docs not exist, and consequently there ia not a double rima glottidia, 

I n in other birds provided with vocal organs. Ciivier could not find 

II ma membrane in the vullur papa ; and Rudolphi, who had an op" 
P pDTtunity of examining this vulture, as well as the vidiur aura, wal 

■ wable to discover it. Singing birds have five pairs of muscles, an^ 
K ne ])arrot3 three, which are attached to the semi-circular rings of thcf. 
ISiTisions of tlie trachea, and relax or tighten the rimee glottidW 
K .Sirds which utter a single cry, as the accipitrti and many atjuatitt- 

■ ^da, have only one such pair of muscles ; other aipialic liirdi and tkjt 

Sllira have none. Cuvier has admirably proved in living Vnds that 
Is lower larynx is the proper organ of voice ; he divided the tra* 
ft diea above the lower larynx, and closed the upper part of it. The irrw 
K tued animal emitted by the lower larynx its accustomed soimds in ■ 
m weaker tone; the same sounds were emitted when he removed the 

■ .whole neck. The parts analogous to the cartilages of the larynx ift 
m tnan are very small in birds, and in structure bear a greater resem* 
I Uance to bone. In most birds they lie close behind the tongue and< 
I tbe OB hyoides, and form the commencement of the trachea. The 

fiasure which they form, and which is not protected hy an epiglottic 
is opened by one pair of muscles, and closed by another. It merely 
serves for the passage of the air, being the commencement of the 
or^n of respiration. 

. The trachea presents in many birds very remarkable differences. 
In some gallinaoeoua birds it makes a great curve before the stemumi 
as in the crax and pendope. In the wo^llvi (cock of the wood) this 
curve takes place in the neck ; in the crane and anas cygnus in the 
keel of the sternum. In many aquatic birds as the anas clangula, 
fusca, &c. the trachea is considerably dilated in one or more places. 

In general the great development of the vocal organs is peculiar to 
the male ; as, for instance, the curve external to the sternum, the 
osseous bladders of the trachea, and of the lower larynx ; the greater 
curvatiires in the keel of the sternum occur in both sexes ; in maleii 
however, they are stronger. 

AUPHIBIA. 

S SOO. The structure of the vocal organs in this }ast clasB 
of animals, which possess a voice, is on the whole very simple; 
although it varies in several genera and species, and somedmeB 
in the two sexes. 

%^\. The tortoises (at least the teiittdo gresca) may be 
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to haye two tracheae : for the short common trunk divides 
at the third cervical vertebra into two long branches, which 
descend far into the chest before they enter the lung. Each 
of them makes a large lateral curvature, over which the two 
joorttB abdominales bend their course.* It is very short in the 
£rog; but longer in the male than in the female: the rima 
jlottidis is also larger in the former. Ligamenta glottidis 
exist in all the animals of this class.f 

§ 202. The males of some frogs are distinguished by pecu- 
liar air-bags. The tree-frog {rana arborea) has a large sac 
in its throat; and the green frog {rana esculenta) has two 
considerable XK)uches in the cheeks, which it inflates at the 
time of copulation by two openings close to the rima glot- 

tidU4 

AU amphibia have the opening of the larynx without an epiglottis, 
and the cartilages which form the larynx are very analogous to those 
.of the upper larynx of birds. Frogs, and some of the lizards, possess 
a structure similar to the vocal ligaments. In the rana pipa Rudol7 
phi found a very curious structure : in the male the larynx was com^ 
posed of two laminae of bone, compressed from above downwards, 
of about ten lines in length, seven and a half lines broad at the 
base^ and six and a half in the centre. In the female it was smaller, 
and merely cartilaginous. The bronchi proceed from the larynx 
directly backwards, being very short in the male,, and long in the 
iemale. In the gecko Jimbriatus Tiedemann (Meckel's Arehiv. iv. s. 
^549) discovered m the trachea immediately below the larynx a dila- 
tation half an inch long, and three lines broad, which he supposes tp 
be of service to the animal when under water; for it has been 
Assorted that this gecko lives several months in the year in fresh 
water at Madagascar, though Rudolphi thinks this very improbable, 
since its structure has not the remotest resemblance to that of an 
aquatic animal. This learned naturalist considers it, from analogy 
to birds, of use in strengthening the organs of voice, as in the pipa; 
^md this opinion is confirmed by the circumstance of another gecko 
(the toc-kai of Siam) being distinguished for its discordant cry. 
I w ■ — .. — • — ' 

^ Blazii, ZootmAtu Amst, 1677, 8vo. tab. 17, fig. 5. 

t Vicq d'Azyr, loe. citat. tab. 13, fig. 45, 46, represents these fragments in the 
teatudKnes, fig. 41, 42, 44, in frogs, fig. 47, 52, in serpents. 

The larynx of the rattlesnake is represented in Tyson's Anatomy of a Rattlesnake, 
ThUot* Trans, vol. xiii. No. 144, fig. 5. 

I See Camper's Kleine SehryUn, vol. i. part i. p. 144> tab. 3> fig. 1, 4» 
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A very ■hrtll waunA ia nttered by Ji-ogt, «pecia1ly the buU-fng 
{tana Oitthla). Whether the Bingiog-blMtlerB, ai ihey arc terniMf 
of iho grfcn frop of Germany, aBsim them in uttering this loim^ 
W P. Cnmper think.. (Klciie Schrifin, vol. i. s. 141, 160) is stifi 
• niNtter nf ^eat doubt : since these structures do not commrf- 
■ricatc with the larynx, hut only with the mouth. According ft 
HvtnbtMt, {Obi. tur Zoologie, vol. i. p. 11) young (roiwiji/ej utter • 
M>UN(1 aiiuilar to that of cats ; but he never heard any cry proceed 
from the old onca. Mast thurds, oil the leaiudiaei, and tailed tai^'- 

Join arc dumb. This la also the case with aeritentB, eincc iheif 
iwing cannot be called a true voice. (Rudolphi Gruadriss der Piy- 
Mio/ogie, vol. ii. p. 367.) 

One exception to the last obierration of Rudolphi will suggest 
itaelf to the readers but it may be doubted whether, even hetoM! 
the Fall, serpents were endowed with tlie gift of speech. Dr. Bm* 
"' " " ' e Mosaic 



net, in his ArchaoUigia Philoioplika, rejects the Mosaic account of 
iho dialogue between Eve and tlie serjient, not indeed as fabulooi,' 
but as nctiiious or parabolical ; and the silence of the physitft 
logist is excused, therefore, by the scepticism of tlie divine. B<^- 
titam illam loifui posK, says In. Burnet, aul ijuactimque voce prXler 
tiUla mmdum scimm. At quid de ea re scimise Etsam credemtaf 
Si pro multt anmali kabuistet, ipsa toguela terruUsel frnmiyiam, d 
ab onihi KTmonii commercio pepuliiset. Stiod li loquai fnit, tt set' 
tnoeinator ab milio aerptnt, perdidilque hijuelum ob hoc f'adnui gttoi 
ptelfUem fidemque Eta suit btanditiit comperai, hoc gauu pana iteuik 

^uam lacniuet Most*; neijae levins datimum de Jambnido pulvtre ipMlt 
}co aubitiiuiisci. Piceierea via unicuia serpcntum gciius, vel oinna 
baiiat osri cocain fitisM in Paradim; ui olim arboies in nemort 
Dodonao f Si omms, quid commiKir cecUrie ut usum tingva per- 
derentf Si unicum aeipentttin genus hoc gaudtbai privilegio ; fxdvti 
animal ct iib humana specie alieniisimvm qui patuit mereri prte aliU 
omnibus, lermonis gratiani el beni'Jicium f '" We know not whether 
the serpent had naturally the faculty of talking, or of prc^tibii^ 
my sound, beyond the hissing noise whi^ is all it tati achieve In 
tbese days. What shall we suppose Eve to ^ave knotm about this 
matter? If she considered it a dumb animal, the very circinnBtatiee 
«f its entering into conversation with her must have uarmed a tinud 
female, and deterred her from continubg so monstrouH an hilet- 
conrse. But if the serpent talked at its creation, and lost tlie pft of 
spieech for its wickedness in eorrnpring Eve, Mosei K'oqM not have 
foiled to mention this punishment, nor would he have substituted 
in its place the lighter inconvenieace of being mrnilrmnad to Uck the 
dust. Again, will it be contended that the race of serpents alone, 
or that alT beasts had the gifl of ^eech in Paradise, like the taiking 
trees in the grove of Dodona? If they all talked, wliat have the 
rest done that they too should lose the gifl of ^eech ? Tf serpenU 
■lone enjoyed this privilege, how shall we account for this distinc- 
tion having been specially conferred upon an anftnid of sttch a nasty 
description, and so utterly unlike the human species?" 
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Dr. Bumet» while be admits with philosophical candour that the 
whole of the Mosaic account of the creation might be regarded as fa« 
bulouSy if found in a profane writer, and while he exposes the ab- 
surdities involved in a literal interpretation of the Jewish cosmogony 
with an air of pleasantry which might be mistaken for ridicule in a 
lets pious inquirer, acknowledges at the same time the divine inspi- 
ration of Moses, and expresses a laudable indignation at the impiety 
of those who have treated the sacred narrative with disrespect, 
Succeruere nan possum^ says the divine, ex Pairibus et audoribus an* 
ttqiiis illis, qui in iymbola aut parabolas aut sermones popuiares hoc 
convertere studuetnnt. Succenseo autem CeUo, qui anilem fabulam^ 
fioOov Tiva «r( y^avffh hnyovfAtvop, hanc narrationem appellat. Ubi recte 
fnonet,per modum responsi Origines, on fitra r^voXoyiat ravra a^nrat* 
** I cannot be displeased with those Fathers of the church, and other 
ancient writers wno have treated the Mosaic account of the creation 
as a popular story or parable, but I am undoubtedly displeased with 
Celsus, who has called it an old woman's story, which imputation 
Origen has satisfactorily answered by observing Uiat these things are 
to be understood tropicallif" Dr. Burnet's Archaologuic PkUosopkicff, 
lib. iu cap. 7. 
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CHAPTER XVI. 

ON THE BRAIN AND NERVOtTS STSTXH IN CfeNEtlAI.. 

% 308. This class of lunctions which C09»(itiEMfs the leading 
character of animals^ and has derived its Bame from that dr« 
eumdtance^ affords to our observatieii a more cleat and maiib' 
fest gradation, from the most simple to the tti<^t compound 
siructttre, than any others in the animal ecotidmy.^ 

^ S04. In some of the most sim{>le amfmlds ^ &e class 
vermes, particularly among the zoophytes, little ot iko distinc- 
tion of simlar parts t or structures ean hed is c tttrted ; and we 
are unabte to recognize any thing as a pan^rcular n erfot ri 
system, or even as a part of such a system. The power dP 
sensation and Tokmtary motion, which theite poissess, as well 



* An ingenious attempt to establish a new dassificatiQn of animals, according to 
the general organization Jorf the nervota nysteia, has beeh taaAe ^ Rudolphi, in his 
Beytrifge kur Anthropoiogh und aUgimein$ NaturgaduthtB, BeiL JS 12, p, 79^ 

Much instructive ioformatioa on this subject, parftieukrly ^Ih teS9Hao% lo Ibf 
brain of warm-blooded animals, will be found in Gall and Spurzheim's AnatomU et 
Phyaologie dv. Systeme Nerveux, Par. 1810, 4to. 

bee J. and C. Wenzel D« ttruetura cerebri humani et bruUriun, Tubing, 1812, 
foL ; and several other works on tiiis subject, whidh I have cintdnerated in the fourth 
ecUtion of my Instituliones PhymlogUfa, 1821, p. l*fB, 

t By the term partes timilares, the ancients denoted thole liomogeneous otgnue 
stmctnrcs whidi form nerves, srtsdefe, (tendc^tis, bcfiMs, ^c^Milages^ ^.^ 4i^io#mbi- 
nation ^ whidh eonstittttes the fartet 4U$ifinlm>et ef 4ie tufliiMl ba^, i. e. }k% Wtkf, 
viscera, &c« 
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u Bny other order or class of the animal kingdom, prove that 
the nervous matter must be uniformly spread throughout tlieii 
homngeneous substance. The almost transparent polypes, 
(Ayf/r<r) which are often found in this country, (Germany) with 
a body of nn inch in length, and arms, or tentaculo, of a 
pTO[iortionate size, appear to consist, when surveyed in the 
best light by the strongest magnifying power, of nothing but 
a granular structure, (something simitar to boiled sago) con- 
nected into a definite form by a gelatinous substance. 

k 205. In many other eermcs, and in insects, a ganglionic 
system of nerves can be distinguished, arising in general from 
what is called the spinal marrow, the superior extrcmiiy of 
which part, slightly enlarged, constitutes the brain. The lat 
tcr organ, however, in both classes of cold and red blooded 
animals, and still more in those which have warm blood, has a 
much more complicated structure, and a far greater relative 
magnitude: all animals are however exceeded in both these 
points by the human subject, which, according to the inge- 
nious observation of the learned Sommering,* possesses by 
far the largest brain in proportion to the size of the nerves 
which arise from it. 

The small size of the brain in proportion to the rest of the 
nervous system has a very considerable influence on the whole 
animal economy of cold-blooded, when viewed in compariaoD 
vith warm-blooded animals. It explains the diminished sym- 
pathy between the two parts ; and the consequently weak powers 
of motion in their whole machine. It enables us also to under- 
jltand the remarkable independence of the vitality of their 
parts upon that of the brain, and their possession of consider- 
able individual powers of life, as also the extraordinary extent 
of their reproductive powers.+ 

* See bit DiBtrtatie <b hui EncepAnJi. Gwttiag. 1778, p. 17 ; and hii Tald* 
bauoi Ejutpheli. Fiancof. 1799, p. 6) alio J. G. Ebel, Obieni. NturaL ac Jtiakmi 
eta^anl. Francof. ad V&drum, 1788. 

t I have treated at gnaler length on all theM poiots in my Specunen Phyiulagia 
etmfaraUt inter ^ninuntia calidi et Jrigidi Sanguirm,ia the 8th vol, of the GoeUU' 
gen CoDtnentaiiei ; aod in the Handbueli dir Naturgachicte, p, 225. 
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The vast superiority of man over all other animals in the facultiet 
of the mind, which may he truly considered as a generic distinctioil' 
of the human suhject, led physiologists at a very early period to ^eek 
for some corresponding difference in the hrains of man and animals. 
They naturally investigated the subject in the first instance, by 
comparing the proportion which the mass of the brain bears to the 
whole body ; and the result of this comparison in the more common 
and domestic animals was so satisfactory that they prosecuted the 
inquiry^no further, but laid down the general proposition, which hat 
been universally received since the time of Aristotle, that man has 
the largest brain in proportion to his body. Some more modem 
physiologists, however, in following up this comparative view in a 
greater number of animals, discovered several exceptions to the 
general position. They found that the proportion of the brain to the 
body in some birds exceeds that of man, and that several mammalia 
(^me quadrumanay and some animals of the mouse kind) equal the 
human subject in diis respect. 

Aa these latter observations entirely overturned the conclusion 
whidi had been before generally admitted, Sommering has furnished 
us with another point of comparison, that has hitherto held good in 
every instance: viz. that of the ratio which the mass of the brahl 
bean to the nerves arising from it. 

Let us divide the brain into two parts ; that which is immediately* 
connected with the sensorial extremities of the nerves, which receives 
their impressions, and is therefore devoted to the purposes of animal 
existence* The second division will include the rest of the brain, 
which may be considered as connecting the functions of the nerves 
with the faculties of the mind. In proportion then as any animal 
possesses a larger share of the latter and more noble part ; that is, in 
proportion as the organ of. reflexion exdeeds that of the external 
senses, may we expect to find the powers of the mind more vigorous 
and more clearly developed.' In this point of view man is decidedly 
pre-eminent: here he excels all other animals that have hitherto 
been investigated. 

The brain of man is much larger than that of the simiae, when 
compared with the size of the nerves which proceed from it ; this 
may be readily seen by looking at the comparative breadth of the 
cerebral nerves and brain in man and different animals. The size of 
the brain, as compared with that of the medulla spinalis in man, is 
larger than in stmia^ as may be perceived on comparing the trans- 
verse diameter of the spinal marrow below the corpora pyramidalia 
with the whole breadth of the cerebrum. The size of the brain in 
simM and the seal is larger in proportion than in other animals. 
The classes of animals whose cerebrum is next in size, are the 
lemureSy cetacea, ruminantia, multungula,solidimgtda,fer(S, et hradypoda* 
The cerebrum is smallest in die glires, marsupialia^ edentata, and 
chiroptera. The cerebellum of sitnUB presents but few differences 
from that in man. In one species, saimirif it is greater than in 
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bub; ind in a number of imtancea the ratio is tlie *ame or nearly 
tbo uuno I for example, in tlie ox it is the lanm ; in tlie cat, various 
monkeys, und in the horse, it is nearly the same. (Vid. Warren 
on lie Sciuorial and A'aroui Sj/tletiit, tfc. p. Bl.) 

The rtwtwrches of Sdmnicring on animals in general have led Lira 
to cancluile that the quantity of brain, over and above that which lb 
neceasary for a mere Animal existence ; that part, in short, whicb ia 
dtvoied to the faculties of the miod, bears a direct ratio to the doci- 
lity of the animal, to the rank which it would lioJd in a comparative 
Kale of mental powers. 

The largest brain which Sbmrnering has found in a horse, weighed 
lib. 4 02.; and the smallest which he haa seen in an adult man, nss 
ftlb. &i oz. Yet the nerves arising from tlic former brain werest 
Usst ten timet larger than those of the latter. 

The following table exhibits the proportions of the mass of the 
brain to that of the whole body in man aad the different classes of 
animals. It will be observed tlial, citietis paribus, small animals have 
A larger brain, in proportion (o their size, than larger ones : that ibe 
brain of man is exceeded, in proportional size, by some few animaK 
•a mice, the tmatlrr birdi, &c. ; that among the mammalia, the rode*- 
ffa have generally tlie largest, and the pach^dermaia the smallett 
brain ; ana that the farain is extremely small in cold-blooded, as com- 
{ved with warm-blooded animals. 

It fortng in man from ^Vi ^i -rm rn "^ '''^ body, according (o d« ' 
different periods of his life. 

In the Gibbon ^ of the body. 

Sapigoiu (American Apes). 

Sahniri ,', 

Sai ^ 

Otiiatiti ^ 

C«St» ir 

African and Indian Apei. 

Malbtouk ^ 

Callitricbe and htras . ,V 
The monk ape .... -^ 
Maligabey , . . . . ^ 
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r 

Magois and Macakos, 

Macako (simin silcnus) • ^ of the body. 

Magot T*T 

Papio ^ 



Makis. 

Mococo ^ 

Van A 



Cbeiropiera, 

Bat ^ 

Plantigrada, 

Mole ^ 

Bear ^ 

Hedgehog ^ 

CamvDora. 

■^"6 im ruf T!rT» rsT» Trr» rcrr 

Fox .^ 

Wolf ^}^ 

Cat ^, ^, ^ 

Ounce • t^ 

Pine-martin. . • • • -j^r 

Ferret ...... rfr 

Beaver «4 



Hare ^J^ 

Rabbit tJtt» rH 

Ondatra • -^1;^ 

R«t 7% 

Mouse ^ 

Field-rat ^ 



Elephant • • • • • -^ 
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Wild-boar ^f, of the body, j 

Chinese hog .... ,4t 

RuminaiUia, 

8t«g ^ 

Roebuck ^ 

Sheep TTT'Tii 

Ox Ww 

c*tf ^ 

Solipeda. 

Horse ^J^, 

Ass lir 

Dolphin . . ^if,-^rvx 
Porpoiae ^ 

Eagle iJb 

Sparrow -^ 

CbaJBach ^ 

Redbreast -^^ 

Bhtckbird ^ 

Canaiy-bird . . . , ^ 

Cock ^ 

I>"<* t4t 

<3<x«e j^ 

BEFTILGS. 

Tortoise ,iVn 

TurUe ....... ttW 

Coluber natrix . . . y^ 

Frog ...... TT, 

FISHES. 

Shark .„'„ 

Pike . . ..... ._rj\Tr : 
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Carp ..... • . . . • - gg g 

Dog-fish .... . • ttVt 

Tunhy . .... . rrfny 

Silurus glanis '• . • . rrrr 

The following table shews the proportion of the cerebrum to the 
cerebellum in man and other mammalia. The rodentia have the 
largest cerebellum in proportion to the cerebrum ; and man has the 
least cerebellum in proportion to the cerebrum of aU the mammalia. 

• « 

In man, the cerebellum is to the cerebruni . • 1:9 

Saimiri I ; 14 . 

Sai. .. .. . ........ ........ 1:6 

Magot 1:7 

Papio i . .1:7 

Monk Ape 1:8 

Dog 1:8 

Cat 1:6 

Mole « , . 1 : 4.5 

Beaver ..1:3 

Rat 1 : 3.26 

Mouse ...1:2 

Hare ...1:6 

Wild Boar .......1:7 

Ox... ,..1:9 

Sheep 1:5 

] Horse - 1:7 

The proportion of the cerebrum to th^ medulla oblongata is ascer- 
tained by measuring tlieir diameters. Sonimering and Ebel have 
^bewn that it is greater in man than in other animals, and that it fur* 
]iilBl]e& a good criterion of the degree of intelligence in the individual) 
as it shews the relation xvhich the organ of intelligence bears to th6 
#vgdris of the external senses. There are, however, some exceptions 
to this rule, as in the remarkable instance of the dolphin. The fol*^ 
lowing table exhibits the proportions betweei\ the breath of the me- 
dulla oblongata at its base, and the greatest breadth of the cerebrum 
in some of the mammalia, and in a few birds. 

;' In man, the breadth of the cerebrum is to that of the 

medulla oblongata, as » • . • 1 : 7 

In the Ape .....1:4 

Macako ............ 1 : 5 

Dog* ......... 6 : 11 or 3 : 8 

Cat 4 : 11 

Rabbit . . . . 3 : 8 or 1 : 3 

Pig ... .3:8. 

Ram . . . M . . . • . . * * r 1 t 3 - 

Stag . • • . • ,* • » • * • v^ 4^2 : (i . , .. 

P 
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ttucbuck 1:3 

Ox 6 ; 13 

Clf ■ . . . ' . . . . 2 : S 

Horie 8 : 21 

Dolphin I ; 13 

DIKH. 

Falcon 13 : 84 

Owl 14 : 36 

Duck 10 : 27 

Turkey 12 : 38 

Sfwrrow 7 : 18 

The following is the passage to which the author refers in his 
" Manunl qf NatuTut History." " The extraordinary strength of the 
reproductive power in several amphibia, and the astonishing ^ciliiy 
mth which the process is carried on, depend, if 1 mistake not, on the 
BKat ni^fnilude of their nerves, and the diminutive proportton of 
tneir brain. The former parts are in consequence less dependent on 
the latter ; hence the whole machine has less powers of motion, and 
displays leas sympathy: the mode of existence is more simple, and 
approaches more nearly to that of the vegetable world than in the 
warm-blooded classes ; but, on the contrary, the parts possess a 
greater individual independent vitality. Since, in consequence of 
this latter endowment, stimuli, which operate on one part, or one 
system, do not immediately affect the whole frame by sympadiy, as 
io warm-blooded animals, we are enabled to explain the peculiar 
tenacity of life, which is displayed under various circumstances in 
tliia class ; viz. frogs still continue to jump about af^er their heart 
has been torn out ; and turtles have lived for months after the 
removal of the whole brain from the cranium. The long continued 
power of motion in parts which have been cut off from the body, as 
u) the tail of the water-newt and blind-worm, may be explained upon 
the same principles." ^ ifQ. 



§ S06. The two large processes of the dura mater, vhidi 
form the falx and tentorium, possess a very peculisr strtict<;iTe 
in some animals of this class. A strong plate of bone, which 
is a process of the neighbouring bones of the cranium, is con- 
tained between their two taminee. 

We have hitherto ascertained only one example of such & 
fonniition of the falx, in the quadrupeds of this clasa ; and this 
I diseoTeced in the otmthorhynckui, (Plate I. c.) an animal 



ON THE BRAIN AND NERVOUS SYSTEM. Sit 

which abounds in instances of anomalous structure. Some* 
thing similar is found in the cetacea, at least in the porpoise. 
A similar structure, constituting an unique specimen of anato- 
mical Tariety, is exhibited in the skull of a female, belonging 
to my collection. The vitreous table of the irontal bone has a 
long falciform bony crista, at the attachment of the falx. The 
falx itself descends to various depths between the hemispheres 
iA.tfae different species.* 

A bony tentorium cerebelli is found in a great number of 
mammalia ; but its size and extent vary in the different spe* 
W^ It is formed by peculiar osseous plates, extending from 
the vitreous table of the parietal bones, and the petrous por-^ 
tioiis 6f the ossa temporum. Its formation exhibits two kinds* 
of variety » 

^ Jbi some animals, for instance^ it constitutes an uniform bony 
]partition, which leaves a quadrangular opening into the lower 
jfiit of the cranium. This is the case in most species of the 
mfi and . bear kind ; in the martin, {muslela martea) in the 
coeAta, {cercopitkeeug paniscus)\ and others. 

'. It consists of three separate portions in other animals; oiia 
c^tjiese pieces projects from the upper and back part of the 
dnuiitim, like a tile; the two lateral portions arise from the 
pbitrous part of the temporal bone. This structure is exem- 
I^fied in the eeal^ dog, horse, the orycteropus capensis, and 
dUUphis wombat. 

' b the cranium of a young seal which I possess, the ante- 
rior or upper surface of the tile-shaped piece is connected by 
means of a strong perpendicular bony plate^ extending to the 
middle of the lambdoid suture, with the inner surface of the 
occipital bone, where the falx terminates. 

In some cases, as in the pig, the rabUt, some mice, &c., a 
rudiment of the last mentioned lateral portions may be ob- 
served ; or at least the ridge of the petrous portion of the 
temporal bone is much larger than usu^. I have, in another 

* See on this subject Sbmmering, Vom Him and Buchenmark, Mentz, 1788. 
• t Jofl(3>hi'8 Anatomie der SaUgeikiere Beytr, xum 1 tten b. s. 34y^tab. 4. 

p 2 
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|)lttGv, Jcxcribcd the cliief varieties of the bony tentorimaj 
nnd have meiilioned (he uses possibly assigned to this stnc* 
ture.' 

■ " It ii difficult {ttayt the author, in his Manual ijf Osleologji) td 
give k ]th]P>iolotric&l vxplanatLon of the use of this bony tentoriunit 
The opinion which h.is been generally adopted by anatomists, that 
the iCriicUirc in qiirstion beioogs to such animals only asjumpfai, | 
or run with (creat rclncily, and that it serves the purpose of protect- 
ing the coreb«lluni from the pressure of the cerebrum in these quick 
motiuna, is obviously un satis laciory. It exists in the bear, which is 
not distinguished tor its activity, while several animals, which excel 
in jumping or springing, do not possess tt ; viz. the wild goat, 
(co/va ilvx) in whifh t could not discover the least trace of such a 
■trncture. Cheiclden ascribes it to predacious animals only, (Anat. 
of tie lionet, cap. 8} but 1 have already enumerated several othen. 
It may perhaps obviate the concussion which would arise from 
strong exertions in biting ; for such exertions are made in all ih* 
Boimals which possess tliia siructiu*, even by the horse in his wild 
BWle." p. 118. 

I have quoted lliesc remarks on the generally assigned use of the 
bony tentorium, because a similar mechanical exptanation has beea 
given of the fabc and tentorium of the human subject ; viz. that the 
former protects the hemispheres fVom mutual pressure when the per> 
•on lies with his head resting on one side ; and that the latter pro- 
vides against the compression of the cerebellum by the stiperiocum- 
bent cerebrum. These explanations are assigned in the present day 
by anatomists of such distinguished reputation as Sommering and 
Cuvier (Dc Corporis llunimi Fuhrica, vol. iv. p. 27, Lei;ons d'Anat. 
compar. torn. ii. p. 170). If the futility of this piece of physiology 
were not sufficiently proved by considering that the cranium is accu- 
rately filled, and that there is consequently no room for its contents 
to fall from one aide to the other, it must unmcdiately be rendered 
manifest by Mr. Carlisle's case ; in which the falx was entirely ab- 
sent, and the two hemispheres united throughout in one mass, with- 
out any perceptible inconvenience during the patient's life. ( Traraae- 
lions of a Sodely^ for the Improvement of Medical and C/iirvrgkat 
Knowledge, vol. ii. p. 212.) In four instances the anterior half of 
the falx has been found deficient. This production of the dura 
mater commenced in a narrow form about the middle of the sagittal 
auture ; and, gradually expanding, had acquired the usual breadth at 
its termination in the tentorium. The two hemispheres adhered b; 
the pia mater covering their opposed plane surfaces ; but were fbini-' 
ed DBtiirally in other respects. A want of the fabc baa also been re- 
corded by Garengeot {Splanchnologie, tom. ii. p. 24). 

* See th^ OiUiiUigudit Haa^iuch, s, 117, aad tLe InUilultotKi Phj)iiobipet, p. 
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§ 207* The peculiarities which distinguish ^he brain of the 
human subject from that pf the mammalia^* consist chiefly in 
^he circumstance, which has been already noticed^ of its pos; 
s^^sing ^ much greater bulk in proportion to the nerves which 
arise from it ; and in its being much larger when compared 
with the cerebellum and medulla spinalis.t 

The anatomy of the brain of cetaceous animals has not been so 
minutely described as that of odier classes of animals. In general, the 
brain of the oetaceous tribe is small compared with the size of the 
body. The brain of a common whale, nineteen feet in length, which 
vras .examined by Scoresby, weighed about three pounds and three 
gpjur^ers, although the weight of the animal was near 11,200 pounds; 
Here the weight of the brain was about y^j^^ part of that of the 
body, whilst that of the brain of an adult man is about four pouiids^ 
and that of the body 140, the brain being the Vy part of the weight of 
tS^ whole body. Professor Tiedemann, of Heidelberg, has recently 
published an account of the dissection of the brain of the dolphifu 
(Treviranus's and Tiedemann's Zekschr\ft fur Physiologies vol. ii. p^ 
2d6.) The following are the results of this learned anatomist's investi- 
gations. 

• 1. The cerebrum of the dolphin resembles that of the simise, by its 
sise, and next to the cerebrum of the orang-outang, most resembles 
that of man. Still in proportion to the size .of the nerves, spinal 
mannow, and cerebellum, it is of much smaller size than the human 
cMebrum. 

•%, Each hemisphere of the cerebrum, as in man and «tmt«, consists 
of three lobes, an anterior, middle, and posterior. The hemispheres 

* The reader may consult the following delineations of the brain of mammaliat 
bendes those which will be referred to in subsequent notes. Of the chimpans^ 
(mmms troglodytei) by Tyson, in his excellent Anatomy of a Pigmy, fig. 13, 14« ' Of 
p^ber fuadrumana, and of numerous quadrupeds of the different species of mammalia* 
TMamaim, Icones ocrebri Simiarum et quorundam Animalium rariorum, Heidelb. 1 82 1 • 
Of the dog, by Collins, System of Anatomy, vol. ii. tab. 53, fig. 1 ; and Ebel, loc, 
fit. Uh..l, fig. 7. Of the cat, by Collins, tab. 53, fig. 2; and Ebel, tab. 1, fig. 3. 
Of the h&ne, by Vicq d'Azyr, M^m, de VAcad, des Sciences, 1783, tab. 7 ; Ebel, 
tabi 1, fig. 1, Of the sheep, by Vicq d^Azyr, tab. 8, fig. 1 ; and Ebel, tab. 1, fig. 
iB, Of the ox, Vicq d*Azyr, tab. 8, fig. 2; Ebel, tab. }, fig. 6 and 9. Of iht pig, 
Conins, Ub. 54 ; Ebel, tab. 1, fig. 10. Of the elephant. Camper, tal>. 14. Of 
the seal, Vrolek^ Dephocis, speciatim dephoca vituUna* Ultraj. 1822, tab. 1. 

t The delineation which I have given of the brain of the mandrill, (papio maimon') 
in the two first editions of my work, De Generis Humani Varietate Nativa, tab. 1^^ 
fig. 1, shews how striking this difference is, even in the quadrumana, which from 
their great general resemblance to the human subject have been caHHeA Anthropo^ 
nwrpha. 
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aro undDubteclly much smaUer ttum diose in man, since tlkcy do not 
completely corer Uio ccrcbelluni. 

3. The Iirc4it1[h oj' the ceKbrtim of the dolphin exceeds its tengtb, 
which >M Kcarccly tht esse with any other tnamnuatia. 

4. Th* ctinvolutiutM of the cerebrum of the dolphin are more nu- 
meruui ihait la any otiier animal, even than in man. 

6. I'be Intcral ventricles consist in the dolphin, as in man and limia, 
of three horns, whilst in other momiDalia the anterior and middle 
comua only cxi«t. 

(I. The rorptira alhieanlia, in the cerebrum of tbe dolphin, as of 
mom niainiualia, are united into one mass, Id man and the oratig- 
onlang tlicy are perfectly dislinct. 

7. The fornix, septum lucidum, coniua ammonis, and corpaia 
Uriata, are til proportion to the size of the cerebrum of the dolphix, 
and smaller tlian the same parts in man. 

ft. The corpora quadrigemina in the dolphin, as jn other mammaUai 
ore much larger than these bodies in man. 

0. The cerebellum of the dolphin is distinguished by its being 
larger than in man ; and its middle portion, as in sealt and several 
other animals, is not symmelricaL 

10. The medulla oUongata of the dolphin possesses no tr^ieziiim. 

11. The brain of the (fo/p/iia is particularly distinguished from thst 
of man and all other mammalia, by the absence of the olfactory nerves. 
But on the whole the brain of the dolphin is developed io a greater de- 
gree tlian in any other animal, if we except that of the orang-ouiaa^- 

§ ^08. Moreover, tlmt remarkable and enigmatical collec- 
tion of sandy matter, which is found in the pineal gland* of 
the human hrain, almost invariably after the first few years of 
existence, has been hitherto ohserved in very few other mam- 
malia, and those among the bisulca.i 

h S09, In the proper quadrupeds (the quadtamanu there- 
fore being excepted) the anterior lobes of the brun fonn two 
large processes, {processus manUUares)^ from which the olfac- 
tory nerves of the first pair proceed. These are of very con- 



* Siimmening De lapillii, wt prtjit, wl tnlrs Glandutatn pimcalan atis. Mend, 
1T85, 8vo. 

t Sjlmmemng has found it in the fallcw-dar, (cervat dmnn) see his Dut. p. 10; 
and Malscame 11 the goat, Encrfhalolimia di alaini Qjiadrupedi. Mant. 1795, 4, 

p.a\. 

t SeeMetiget Sptemtn AnatomiacampaTaUtpTimipariiKtruirtim, iabisOfVie. 
Anat. and Phytiol. Cothing. 1790, 8to. p. 100. 
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siderable magnitude, particularly in the herbivorous animals.* 
They contain a continuation of the lateral ventricle; which 
circumstance has formerly given rise to great physiological 

errprs^t 

§ 210. The structure of the corpora quadrigemina and 
e&ndicantia distinguishes the brain of herbivorous from that 
of carnivorous quadrupeds. The nates very considerably ex- 
ited the testes in size, in the former class, while these propor- 
jdbhs are reversed in the latter instance. The herbivora have 
|i single large eminentia candicans; there are two small ones 
|n the camivora. % 

; With th6 exception of man and the simiae, the mammalia cannot be 
b^ to have posterior lobes of the brain. The cerebellum is 'seen 
pehind the cerebrum^ The consequence of this is, that the digital 
cavity, or prolongation of the lateral ventricle into the posterior bbe, 
lis wanting.. 

; Hie convolutions of the cerebrum do not exist in the rodeniiu. 
uThe simifB only have an olfactory nerve, arising, like that of man, in 
ft dlititict chord from the brain. Other mammalia have a large cor- 
jtieii eminence {procestlUs mamillaris) filling the ethmoidal fossa. As 
the tetaeea have no organ of smelling, their brain has neither olfactory 
iUerre, nor mamillary process. 

Hie annexed tables representing the dimensions of the cerebrum, 
^cerebellum, corpora quadrigemina, medulla oblongata, and medulla 
spinalis, c^dculated to five decimal parts of the French metre, in the 
mvtt classes of vertebrated animals, are taken from the celebrated 
vmtk of M. Serres sur rAnatomie compurde du Certeau dans les quahre 
Classes des Ammaux vert^bres. 



m 



' ** This part is tepresented in the bisulca, and in the havt-kind, in Collim's SyOem 
of Anatomy , vol. ii. tab. 51. Ebel, loc^ cit, Willis, Anatome Cer^m, fig. 2. 
Monro On the Nervous System, tab. 9 aod 24. 

f These were first refuted by that excellent anatomist, C. V. Schneider, of Witten- 
beig. See his classical work De Osse ^ribriformi, 1635, l2mo. 

i SoDuneiTing, Vom Himt &c. p. 91. 
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DIMENSIONS 

OF 

THE LOBES OF THE CEREBRUM IN MAMMALU. 



Simiu rubra (red ape of Senegal) . 
S. n/hattii (Barbary ape) .... 
S. tynocrpltatus (dog-facwl baboon) 
5. n^Avnr (long-tailed baboon) . . 

S, naimim (mandrill) 

S. ajxtia (sajou) 

Lemur mncaco (raaki vari) . 
Urms arctot (brown bear) . . . 
V. .iJmet'iVantM (American black bear) 

U. loior (Tacoon) 

V. melcs (badger) 

Vivcrra nariea (brown civet) , , 
Mustelafoina (martin) . . . . 

M. lucra (otter) 

Canit familiar 13 (domestic dog) . . 

C. lupta (young wolf) 

C. viilprt (fox) 

C hytena (hyaena) 

Fdis lea (\\oa) 

F. ligrii (tiger) 

F. on<;a (jaguar) 

F. pardui (panther) 

F. discolor (cougnar, or American J 

lion) J 

F- lynx (lynx) 

Pftoca vitulina (common sea!) . . 
Diddpliis Virginiana (opossum) . , 



ptHterioi 



0,07700 
0,07200 
0,07000 
0,06200 
0,08100 
0,06900 
0,04501) 
0,09300 
0,08300 
0,05000 
0,05400 
0,04000 
0,03000 
0,05200 
0,06000 
0,05600 
0,03600 
O.OG600 
0,09100 
0,08400 
0,08100 
0,07800 
0,07100 
0,06100 
0,10100 
0,02200 



Metre. 
0,07500 



0.03300 
0,02950 
0,02825 
0,03400 
0,03200 

0.02125 
0,04300 
0,03650 
0,02150 
0,02400 
0,01850 
0,01700 
0,02400 
0,02950 
0,02550 
0,01750 
0,02950 
0,04050 
0,04250 
0,03250 
0,03400 
0,02950 

0,02750 
0,04900 
0,01050 



0,05600 
0,04300 
0,04500 
0,05700 
0,04900 
0,04300 
0,02900 
0,06100 
0,04800 
0,02900 
0,03200 
0,03150 
0,02400 
0,03400 
0,04400 



0,02800 
0,04100 
0,04800 
0,06400 
0,04000 
0,05000 

0,04200 

0.04200 
0,04400 
0,01450 



* The French metie is tqual to 3 feet 1( naib, English. 
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Dimensions of the Lobes of the Cerebrum in Mammalia* 

[Coiitiniied.] 



NAMES OF ANIMALS. 



MEASURES 

Of the Lobes of the Cerebnim. 



Antero-post. Transverse 



diameter. 



Macropus major (kangaroo) . • 
Phascolomys (yromhsit) .... 

Coitor Jibcr (hesver) 

M. alpinus (marmot of the Alps) . 
Sciunu vulgaris (squirrel) • . . 
Cavia acuti (agouti) ..... 
Dasypus sexdnctus (armadillo) . . 

Sus tajassu (pccari) 

Hyrax capemis (marmot of the*) 

CamAus dromedarius (dromedary) . 
C. llacma (lama) . . . • . . 
C capreolus (roebuck) .... 

Common sheep 

Delphinus delphis (dc^phin) . . . 
Z>. phocana (porpoise) 



Metre. 

0,05300 
0,04400 
0,04200 
0,02975 
0,02025 
0,03500 
0,02650 
0,00600 

0,03300 

0,10500 
0,08000 
0,06200 
0,05800 
0,09500 
0,08600 



diameter. 



Metre. 

0,02350 
0,02100 
0,02400 
0,01466 
0,01150 
0,01550 
0,01300 
0,02450 

0,01250 

0,05050 
0,03450 
0,02600 
0,02650 
0,05850 
0,06650 



Vertical 
diameter. 



Metre. 

0,03800 
0,02750 
0,02700 
0,01950 
0,01400 
0,02200 
0,01700 
0,03700 

0,02100 

0,05800 
0,04500 
0,04300 
0,04300 
0,08200 
0,05000 



I 
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DIMENSIONS 
THE CEREBELLUM IN MAMMALIA. 



NAtfES OP ANIMALS. 

SiWa raira {red ape of Senegal) . . 

$. sabica (callitriche) 

S. tyhanux (Barbary ape) 

rS. tynocepkaiui (dog-facal baboon) 

S, iphynx (long-tailed baboon) . . . 

5. maimo'i (mandrill) 

5, apeila (sajou) 

Leniwr macaco (maki) 

Rhinoloplivs imihtuialus {hoTie-shoc bat) 
VetptTttlio mvrinua (rear mouse) . . . 

Talpa Europaa (mole) 

Urtus arcCos (brown bear) 

U. Americanvx (American black bear) . 

V. loior (racoon) 

U. meles (badger) 

Muslelafoina (martin) 

M. marlea (pine-martin) 

M. lulra (otter) 

Canisfamiliarh (doracBtic dog) . . . 

C Itipui (young wolf) 

C, liytcna (hyeena) 

FriU leo (lion) 

K%n> (tiger) 

F. onga (jaguar) 

F, pardui (panther) 

F, discolor (couguar, or American lion) 
F. lynx (lynx) 



Of the Cerebellum. 



Meire. 
0,12000 



o.oi.'ioo 

0,03100 
0,0^900 
0,03800 
0,04200 
0,051»i 
0,03000 
0,03050 
0,00900 
0,00600 
0,01400 
0,06200 
0,05000 
0,03100 
0,03800 
0,02800 
0,02400 
0,02300 
0,04200 
0,03400 
0,04000 
0,05300 
0,05300 
0,05400 
0,04850 
0,04900 
0,03900 



MetrE. 

0,06000 



0,02433 
0,01600 
0,02400 
0,03000 
0,02650 
0,02000 
0,02400 
0,02200 
0,00500 
0,00400 
0,00923 
0,03400 
0,03500 
0.01900 
0,02100 
0,01450 
0,01400 
0,01800 
0,02525 
0,01700 
0,02100 



0,03350 
0,03200 
0,02500 
0,02660 
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Dimension* of the CereheUum in Mammalia. 
[Continued.] 



Of the Cerebellum. 



Phoca vituliria (common seal) . . . 
Djdelphis Firginiana [opassuin) . . 
SJacTopua mnjoT (kangaroo) . . . 

PAuscolomyi (wombat) 

Gutor fiber (beaver) 

Mia lyphhs {Wind rat) .... 
Jtf. atpinvs (marmot of tbe Alps) . 
Ifj/strix cristata (crested porcupine) 

Lepus cvniculus (rabbit) 

Cama acuti (agouti) 

Dav/pua sexcinciua (armadillo) . . 
Sui tajassu (pecari) . . , ... 
Hyrax capeaaia (marmot of the Cape) 
Gtmelus dromedariaa (dromedary) . 

C. Uacma (lama) 

C capreolua (roebuck) ■ ■ . . 

Capra hircva (goat) 

Common sheep 

Detphinus delphis (dolphin) . . . 

D. phoccEna (porpoiae) 



0,07250 
0,02000 
0,03800 
0,02200 
0,03500 
0,01300 
0.02450 
0,03000 
0,01600 
0,02300 
0,02500 
0,08500 
0,01400 
0,07100 
0,04900 
0,03900 
0,04400 
0,03000 
0,08500 
0,07800 



0,01200 

0,02600 

0,01800 

0,02000 

0,00700 

0,01200 

0,01800 

0,00900 

0,01700 

0,0131 

0,02200 

0,01400 

0,04600 

0,03^ 

0,035 

0,05900 

0,02700 

0,04500 

0,03300 
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DIMENSIONS 

OF 

THE CORPORA QUADRIOEMINA IN MAMMALIA. 



Simia iiiira (red ape of Senegnl) . . . , 

5. tobaa (callitriclic) 

S, Faunut (mklbrook) 

S. fv/ewH" (Bubary ape) . . . . . , 

5. tilenai (wanderow] 

S. cynoceplialia (dog-faced baboon) . 

S. tphynx (long-iailcd baboon) . . . . 

S. maim(m (mandrill) 

S. capudna (sai) 

Lemur macaco (m&V'i) , 

Rhinolvpfiua unihastatia (horse-shoe bat) , 
Vapertilio murinv* (rear mouse) . , . . 

Talpa Europaa (mole) 

Urivt arctoM (brown bear) ...... 

U. Americanui (American blnck bear] . 

U. loior (racoon) 

U. melei (badger) 

Miiilelafo'ma (martin) 

M, maries (pine-martin) 

M. lulrn (otter) . . 

Caniafamiliaris (domestic dog) . . . . 

C. lupui (young wolf) 

C. hyxna (hysnu) 

Vivcrra civttia (civet) 

V. gaictta (genet-cat) 

FfftV leo (lion) 

F. ligrii (tiger) 



Of the Corp. yuad. 



Slolre. 
O;01OOO 



0,00623 
0,00600 
0,00700 
0,00650 
0,00575 
0,00600 
0,00625 
0,00650 
0,00450 
0,00550 
0,00300 
0,00250 
0,00333 
0,00^50 
0,00S75 
0,00625 
0,00600 
0,00566 
0,00550 
0,00500 
0,00700 
0,00700 
0,01000 
0,00775 
0,00650 
0,01200 
0,01000 



0,01100 



0,00900 
0,00750 
0,0(feS3 
0,00900 
0,00800 
0,00733 
0,01000 
0,01000 
O.OO^iO 
O,00P25 
0,00300 
0,00250 
0,00500 
0,01200 
0,01200 
0,00900 
0,01000 
O,OOS00 
0,00725 
O.OOSOO 
; 0,00975 
0,00950 
0,01275 
0,00950 
0,00875 
0,01700 
0,01300 



ON THE BRAIN AND NERVOUS SYSTBH. 



^•i 



of the Corpora Quadrigemina in MammtUia. 

[Contumed.] 



F. oMffl (jaguar) 

F. pardus (panther) 

F. paradalis (ocelot) 

P. diteolor (couguar, or American lion) 

F.jvhnta (Indian ti^r) 

F. lynx (lyns) 



Pkoca vUttlina {common seal) . , 
Hidelpliis Virginiana (opossum) . . 
Macroptts major (kangaroo) . . . 
PhaKolomya (wombat) .... 

Cattor fiber [beaver) 

Mas typhlvs (blind rat) .... 
M. alpinus (marmot of the Alps) 
Mi/itrii criitaia (crested porcupine) 
Lepta cuniculus (rabbit) .... 

Cania aculi (agouti) 

C paca (paca) 

C. Cobai/a (Guinea-pig) .... 
Dam/pus jecciactus (armadillo) . . 

Siu lajassu (pecari) 

S. ictop/ia (wild boar) 

Hyrax capenm (marmot of the Cape) 

Equus caballus (horse) 

Camelut droviedarius (dromedary) . 

C. liacma (lama) 

Antilope keveUit (kevel) 

A. gazella (gazelle) 

A. nipicapra (chamoia) 

Cervtts eluphus (stag) 

C. dania (fallow deer) 



Wetre, 

0,00950 
0,00950 
0,00775 

0,01000 
0,00S50 
0,00900 
0,00900 
0,00950 
0,00t>00 

o,oosoo 

0,00700 
0,00700 
0,00400 
0.00550 
0,00600 
0,00425 
0,00550 
0,00775 
0,00100 
0,00550 
0,00s50 
0.01000 
0.00450 
0,01950 
0,01250 
0,01125 
0.00950 
0.00933 
0,00025 
0,01400 
0,01300 



Mttrc, 
0,01200 
0.01200 
0,01250 
0,01200 
0,01 150 
0,01200 
0.01200 
0,01500 
0,00750 
0.01400 

0,01000 
0,00600 
0,00900 
0,00S75 
0,00700 
0,00700 

0,00750 
0,00650 
0,01500 
0,01500 
0,00700 
0,03275 
0,03125 
0,01600 
0,01700 
0,01475 
0,00750 
0,03100 
0,01700 



UN TIIR UEAIS AN1> NEll' 



Dimentiom of the Corpora Qaadrigeinina in Mantmalia. 
[Continoed.] 



__ 

NAME 3 OF ANIMALS. 


OftheCtirp.Qiud. 


di.me™r 


Anlero-pmt 
diameier. 


C caprtoba (roebuck) 


ileUe. 

0,01 o.io 

0,00500 


Metre. 
0,01500 
0,01300 
0,01500 
0,01400 
0,02475 




0,00900 

o.oosoo 

0,00700 




JMpkvmt delphu {Ao\^hm) 



on THE BBAIN AND NERVOUS SYSTBH.- 



DIMENSIONS 

THE MEDULLA OBLONGATA IN MAMMALU. 




HAHES OV AKIUALB. 



Simia rubra (red ape of Senegal) . . . 

S. tj/lvanu3 (Barbary ape) 

S. eynocephalus (dog-faced baboon) • . 

S. rhesus (rhesus) 

j5. sphynx (long-tailed baboon] , . ■, 

S, maimon (mandrill) 

S. kucophea (drill) 

Lemur macaco (maki) 

R/dnohpkui unihastatita (horse-shoe bat) 
Vetpertilio murinits (rear mouse) . . - . 
Eriaaceiis F,ttroptaisi (hedgehog) . . . 

Talpa Europaa (mole) 

Uma arctos (brown bear) 

U. /American MI (American black bear) ' . 

(7. toor (racoon) . 

U. Kule* (badger) 

Viverra narica. (brown civet) .... 

V.natim (red civel) 

Mustclajoina (martin) 

M. lutra (otter) 

Cants familiaris (domestic dog) ... . 

C. lupus (young wolf) 

C. ^u/pcs {fox) ........ 

C. >ii/ana (hysEQa) 

riVerrfl c((fra (civet of the Cape) . . . 

Fclis lio (lion) 

F. tigrit (tiger) 

F. onfa (jaguar) 

F. pardus ^lanther) 



0,01376 
0,01800 
0,011M 
0,01400' 
0,01500 
0,01400 
0,01500 
0,01460 
0,01986 
0,004M 
0,00MO 
0,00700 

(^oofeo 

0^03100 
0,03100 
0,01900 
0,01700 
0,01400 
0,01500^ 
0,01800 
(^01800 
0,02000 
0,OJOMt 
0,01300 
O,01tM>0 
0,01000 



0,02400 
0,02260 
0,01460 



I UN TtlK DRAIN AND NERVOUS SYSTEM. 

Dimemiona of the Medulla OUoafftita in Mammalia. 
[CoaiiniM4] 



F. dUcoltir (coiiguar, i 

P- Isnt (lynx) . . 

Phoca vitulina (common kbX) , . . 
Didelpkii yirgini'iiut (opossum) . , 
Mntropui mqfor (kangaroo) . . . 

PhoKolamyi (womltat) 

CrMarJilicr (beaver) 

Mtii niula (lerot) 

M. tgphlui (blind rat) ..... 
Jf. d/pnuM (marmot of the Alps) 
Seiurut vulgarii (squirrel) .... 

Cavia aciUi (agouti) 

Datypus »excini-lus (armndiUo) . . . 

Sut tajaau (pecari) 

Hyras capeniii (niarmot of the Cape) 
Equui cabatlu! (horse) 



lion) 



t. (.») . 



E. r^lira (zebra) 

Camelus dromcdarim (dromedary) 

a llacma (laraa) 

Cema elaphus (stag) .... 

C. caprcolus (roebuck) .... 
Goat of Upper Egypt .... 

Uoi laurus (ox) 

Common sheep 

Delp/iiaus dflphis (dolphin) . . . 

D. pkocana (porpoise) .... 



Metre. 
0,02160 
0,01000 
0,02300 
0,01100 
0,02200 
0,01700 



0,01-200 
0,00000 
0,01200 
0,01500 
0,02100 
0,00950 
0,03200 
0,02500 
0,02400 
0,03600 
0.0-2500 
0,01900 
0,02100 
0,01900 
0,033JO 
0,01600 
0,01900 
0,01600 



6m THB BKAtN and nervous SYSTEM. 



aas 



DIMENSIONS 



OF 



THE MEDULLA SPINALIS IN MAMMALIA. 



Man ■ 4 , 

NAICES OF ANIMALS. 

Simla rubra (red ape of Senegal) . . . 
S., ^Ivtmus (Barbary ape) . . . . . 
S^C^nocdphalus (dog- faced baboon) . . 
Si, nemestrina (maimon) .... . . 

S. rhcsuB (rhesus) • 

S. sphfnx (hd^ioon) . . . . . . • 

S. maimon (mandrill) . . * , • * * 
S. kucophea (drill) . .... . . 

5* d|^/£i (sajou) ' . . •*.... . 

L^ur macaco (maki) . . . . . . 

Rbmolopius unih'astatus (horse- shoe bat) 
Vesperiilio murinus (rear mouse) . ~ * . 
Ehnaceus Europaus (heigehog) . . . 

Tf^pa Europaa (mole) ' 

C/fjtM 'arc/05 (brown bear) 

Ifj Americanus (American black bear) . 

ZTt, /o/or (racoon) 

Ui meles (badger) ... . . . . . 

Vwepfa narica (brown civet) . . . . 

&:i^asua Tred civet)' ...... .' 
ustela/oina (martin) . ' . . . . . 

Mi- luira (otter) ........ 

Canisfamiliaris (domestic dog) . . • 

C lupus (young wolf) 

C. vufpes (fox) 

C. hy(tna (hycBna) ....... 

Viverra cafra (civet of the Cape) . . . 

EcUb leo (lion) 

F. tigris (tiger) 

F. 0719a (jaguar) 

Q 



MEASURES 

Of the Medulla 
Spinalis. 



Metre. 
0,01100 



0,00900 

o,oosi)o 

0,00900 
0,007(30 
0,00775 
0,01000 
0,00950 
0,00800 
0,00550 
0,00800 
0,00200 
0.00200 
0,00400 
0,00350 
0,01700 
0,01300 
0,00800 
0,00800 
0,00800 
0^01050 

o,do70d 

0,00750 
0,01100 
0,00600 
0,00900 
0,01300 
0,00650 
0,01700 
0,01600 
0,01400 



ON THE BRAIN AND NERVOUB SYSTEM. 



Dimensions afthe Medulla Spinalis in Mannnalia. 

[Contiaued.] 



F, pardut (panther) 
F. diKolor (couguar, 
F. iynx (lynx) . . 
Phoca viiulina (eonini 
HJacropus major (kangart 
Phaicolomys (wombat) . 
Ctuior fiber (beAver) 
Mu» niiela (lerot) 



fpinv* (marmot of the Alps} 
Sdttmt vulgarit (squirrel] .... 

Cavia aculi (agouti) 

Da^pus seicinctTii (armadillo) , . 

Sut titjassu (pecari) 

Hyrax Capnsu (marmot of the Cape) 

Equus eaballus (liorse) 

E. minu> (a.5) 

E. zebra (zebra) 

Camelus dromedariu! (dromedary) 

C. Ilacma (lama) 

Cm'us ehp/a<s (stag) 

C. capreolua (roebuck) 

Goal of Upper Egypt 

Bos taanit (bull) 

Common sheep 

Delphinui delphU (dolphin) .... 

D. phacana (porpoiae) 



Melie. 

0,01300 
0,01200 
0,01 100 
0,01150 
0,01200 
0,00900 
0,Offi»0 
0,00335 
0,00300 
0,00450 
0,00500 
0,00700 
0,00900 
0,01050 
0,00550 
0,02000 
0,01500 
0,01400 
0,01900 
0,01200 
0,00900 
0,01300 
0,01100 
0,01900 
0,00900 
0,01000 
0,00800 



ON THE BRAIN AND NERVOUS SYSTEM. fSSH 

BIRDS. 

§S11. The dura mater forms, in some birds, a falciform 
process ; which has been erroneously asserted to be deficient 
in the whole class.* In the cock of the woods, (Jtetrao urogaU 
Itts) + it has a bony structure resembling that of the omitho' 
rhjfnchus. 

§ 212, The brain itself, considered altogether, resembles that 
of the former class (even in forming in some instances a kind 
of processus mamillares) ; while, on the contrary, it is striking- 
ly distinguished from that of the following order. It dififer^, 
howeyer, from that of the mammalia, not only in the smooth- 
ness of 4ts surface, and the want of convolutions, but also in 
the structure of the optic thalami. These eminences, which 
are nearly spherical, and hollow internally, are not contained 
in the proper brain or cerebrum, but lie behind and below 
Aat. part. This structure is common. to birds with the two 
classes of cold and red blooded animals. Those eminences 
ako, which in the mammalia are justly termed corpora striata^ 
are of an uniform colour in birds. 

Caviar represents the brain of birds to consist of six tubercles, visi- 
Ue exteriorly ; viz. the two hemispheres, the optic thalami, a cere- 
bdlum, and meduDa oblongata. 



* Tbis mistake has even been cotnmitted by Haller, De IPartium Carp. Hum, 
Fabrica et FunctUmibus, torn. viii. p. 163. 

t Hie brain of this bird is remarkably small in proportion to the size of its hetd 
iltod'wlu>le body ; while we know, that in some other animals of this dass, particu- 
liriy sttpng the singing-birds, the brain exceeds that of the human subject in theie 
peints of view. 



Q.2 



aHH 



NERVOUS SVBTKM. 



I 



DIMENSIONS 
THE LOBES OF THE CEREBRUM IN BIRDS. 



Vullur/ttlvus (vulture) 

Pakofuivua (cominon eagle) . . 
F. o*ii/togu* (sea eagle) . . . . 
F. anigittoms (buzzard) . . . . 

P. hulco (hawk) 

F. communU {Mcott) 

Sirii bubo (great horned owl) . ■ 
Motaciila regalus (gold-crowned \ 

Hirundo ruatica (swallow) . . . 

Alauda nrvcn^s (lark) 

Frimritla domeilica (sparrow) 

F. Calebs (chaffinch) 

F. linaria (linnet) 

F. cavaria (canary-bird) . . . , 

Corruspiia (magpie) 

African parrot 

Mcle'igris galhpavo (lurkey) . , 
I'hasiaiius gallus (common fowl) 
P. nycthemenis (silver pheasant) . . 
Siruthio camelus (ostrich) . , . . 
S. cnmarius (cassowary) . , . 

Otii tarda (bustard) 

Ardea ckonia (white stork) . . . 
A. pavonina (royal crane) . . . 

Goeland 

I'ckcanvs Bastanus (solan goose) . 

Ana» anser (goose) 

A. bemida (barnacle goose) . . . 
A. moschaia (musk duck) . . . 
A, mollissima (eider duck) , . . 



or the Lobes of the Cerebmnu 



Meti 



0,03200 
0,03200 
0,O2S0O 
0,01300 
0,01700 
0,01900 
0,05500 
0,09000 
0,01000 
0,01100 
0,01100 
0,01200 
0,01150 
0,01200 
0,02000 
0,02900 
0,01750 
0,01600 
0,01475 
0,01560 
0,03800 
0,04500 
0,03200 
0,02400 
0,02000 
0,01300 
0,02500 
0,03700 
0,02460 
0,02200 



0,02200 
0,02400 
0,01900 
0,01400 
3,01500 
0,01450 
0,01SO0 
0,00600 

0,00600 
0,00700 
0,00650 
0,00700 
0,00650 
0,00600 
0,01400 
0,01400 
0,01250 
0,01200 
0,01333 
0,01200 
0,02200 
0,02350 
0,01450 
0,01600 
0,01350 
0,02000 
0,01300 
0,09500 
0,02700 
0,02450 



0,01550 

o.osioo I 

0,03100 , 
0,01300 I 
0,01350 I 
0,01200 
0,02000 
0,00550 
0,00600 
0,00650 
0,00700 
0,00700 
0,00500 
0,00700 
0,01200 
0,01700 
0,01200 
0,01200 
0,01100 
0,01200 
0,02400 
0,02000 
0,01400 
0,01900 
0,01300 
0,02100 
0,01400 
0.01700 
0.01150 
0,01700 



ON THE BRAIN A^D NERVOUS STSTEU. 

DIMENSIONS 

or 
THE CEREBELLUM IN BIRDS. 



OrtheCerebellun 



TianivecEe Am 



P. oiiffragua (sea eagle) 

F. aruginoma (iiixxxajd) 

F. buceo (bnwk) 

Slrix tUula (owl) 

Motacilla regulus (gold-crowned wren) . 

Hinmdo urbica (swallow) 

Alauda arvensis ^ark) 

Fringilla domatka (sparrow) .... 

F. carfr&f (chaffinch) 

F. Unaria (linnet) 

F. eanaria (canary bird) 

F. carduelii (goldfinch) 

LoxJacAfe™ (greenfinch) , . . . 
Coroia pica (tnagpic) 

J- "»•"("•'") 

Amazonian parrot 

African parrot 

Turtle-dove 

MeUagrU gailopavo (turkey) .... 
PAoriuniis goWus (common fowl) , . , 
P. m/ctheineiiii (silver pheasant} ■ . . 
P.ptcfK« (golden pheasant) . . . . 
Tetrao cintreui (partridge) .... 

Stmthio camelus (ostrich) 

5. caiuariui (cassowary) 

OlU tarda (bustard) 

Ardea pavoniiia (royal crane) .... 

Goeland 

Anai moliissima (eider duck) .... 



Metre. 

0,01050 
O.OUOO 
0,01500 

0,01 12,i 
0,00300 
0,00500 
0,00700 
0,00500 
0,00600 
0,00650 
0,00500 
0,00500 
0,00600 
0,01100 
0,01100 
0,01700 
0,01300 
0,00900 
0,01350 
0,00900 
0,01100 
0,01200 
0,01075 
0,01 750 
0,01900 
0,00975 
0,0 J 050 
0,01200 
0,01000 



Metre. 
0,02033 
0,01250 
0,01600 
0,01400 
0,00400 
0,00600 
0,00500 
0,00525 
0,00400 
0,00500 
0,00525 
0,00400 
0,00575 
0,01150 
0,01300 
0,01300 
0,01200 
0,01000 
0.01600 
0,01100 
0,01025 
11,01100 
0,00950 
0,02500 
0,02200 
0,01800 
0,OISOO 
0,01700 
0,01b00 



; TIIK BRAIN ASI) NEttVOI't) .IVSTEM. 



DIMENSIONS 

or 
THE CORPORA QUADRIGEMINA IN BIRDS. 



Metie. 

FfiUui/ulvu* (vulture) ' 0,00800 

Falco chryiacioi (golden eagle) I O.OO-WO 

f. OMJ/l'ngr/J (sea eagle) '0,0 MOO 

F. communit (falcon) I 0,00735 

P. teruginotuM (buzzard) 0.00550 

F. buuo (hawk) j 0,00600 

IHolacilla regtilui (gold -crowned wren) . . 0,00300 

Hinindo utbica (swallow) 0,00475 

Alauda arvaiiii {\at\i) 0,00425 

Fringilla domeUku (sparrow) 0,00400 

F. cahba (chaffinch) 0,00400 

F. tinaria (linnet) O.OOSUO 

F. cunaTia (canary bird) 0,00325 

F. cuTduelia (goldfinch) 0,003^5 

Loiia Muru (greenfinch) ' 0,00400 

C. pica (magpie) 0,00600 

Amazonian parrot ' 0,00625 

African parrot 0,00600 

Meleagiis gaihjiato (turkey) 0,00725 

PAoiianus i^allvs (common fowl) ' O.OOSOO 

P. nycihernerui (silver pheasant) | 0,00950 

F. piciua (golden pheasant) i 0,00700 

SlTut/iio camelui (ostrich) 0,01 125 

S. coiuarias (casBowarj) 10,01000 

Oiia tarda (bustard) I 0,00800 

Ardea dconia (white stork) O.OOSOO 

.4. pnvonina [royal crane) 1 0,00900 

Goeland 1 0,00800 



SlelK. 

0,01900 
0,01300 
0,01100 
0.00775 
0,00900 
0,00900 
0,00950 
0,00450 
O.0O400 
0,00350 
0,00400 
0,00300 
0,00300 
0,00300 
0,00350 
0.00600 
0,01000 
0,00700 
0,00975 
0,00900 
0,00900 
0,OObOO 
0,01 100 
0,01050 
0,00775 
0,01200 
0,00900 
O.OOSOO 



ON THR BRAIN ANP NERVOUjI SYSTEM, 
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Dimensions oftlie Corpora Quadrigemina in Birds. 

[Continued.] 



NAMES OF BIRDS. 


MEASURES 

Of the Corp. Quad. 


Transverse 
diameter. 


Antero-post 
diameter^ 


Pekcanus Bassanus (solan goose) .... 
Anas aaser ^iroose) 


Metre. 

0,00900 
0,00700 
0,00650 
O.OOSOO 
0,00600 


Metre. , 

0,01 roo 

0,00850 
0,00900 
0,00975 
0^00625 


A. hemicla (barnacle goose) . • , . ^ • 
A. moschata (musk duck) ....... 

A. wiMssima (eider duck) , 

1 



tIN AND NERVOUS SYSTEM. 



DIMENSIONS 

OF 

THE MEDULLA OBLONGATA IN BIRDS. 



Vuhuifuhus (vulture) 

Faico eirymctoi (royal eagle) . • . . 
F. oK^fragui (sea eagle) . . . ■ • 

F. eommiinU (falcon) 

F, etnigiaotus (buzzard) 

F. buteo (Iiawk) 

Strix bubo (great horned owl) . . . 
Moiacilla rrgulas (gold-crowned wren) . 

Hirundo urbica (swallow) 

Alauda anaisia (lark) 

Fringilla domntica (Bparrow) .... 

F. cakba (chaffincli) 

F. Unaria (linnel) 

F. canaria (canary bird) 

F. carduelit (goldfinch) 

Loiia chtoris (greenfinch) 

C. pica (magpie) 

Amazonian parrot 

African parrot 

BleUagrit galbipavo (turkey) .... 
Fliaaianus gallua F. (common fowl, hen) 
Pfwiianm gallvs M. (cock) . . , . 

P, nyci/iemerui (silver pheasant) . . . 
P. picivs (golden pheasant) .... 
Columba palvmbui (pigeon) .... 
rrcirao a"«er«is (grey partridge) . . . 

Struthio camelus (ostrich) 

S. camariui (cassowary) 

Oiit tard'i (bustard) 

Ardea ciconia (white stork) .... 

A. nigra (black stork) 

A. pavonijia (royal crane) 



Metre. 
0,01100 
0,01400 
0,01700 
0,00800 
0,00900 
0,00900 
0,00900 
0,00300 
0,00350 
0,00400 
0,00375 
0,00450 
0,00375 
0,00300 
0,00300 
0,00400 
0,00800 
0,01000 
0.00900 
0,00950 
0,01000 
0,01100 
0,00800 
0,01025 
0,00950 
0,00600 
0,00550 
0,01600 
0,01600 
0,01000 
0,01533 
0,01400 
0,00900 



ON THE BR^N AND NEHVOUS SYSTBMi 
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Dimensions of the Medulla Oblongata in Birds* 

[Continued.] 



NAMES OF BIRD». 



Goeland 

Pelecanvs Bassanus (solan goose) 
Anas anser (goose) .... 
it. bemicla (barnacle goose) . 
A, moschata (musk duck) . . 
A. boschus (common duck) 
A, mpllissima (eider duck) . . 

I I.I 



■ 



MEASURES 

Of the Medulla 
Oblongata. 

Metre. 

0,01000 
0,01400 
0,01050 
0,01 100 
0,01400 
0,01400 
0,01100 



t THE BRAIN AND MEHVOU8 SYSTEM. 



DIMENSIONS 



THE MEDULLA SPINALIS IN BIRDS. 



Vukutflileut (vulture) 

Fako ehryxieios (royal eagle) .... 
F. omifTogiii (sea eagle) ..... 

F. comtittmU (falcon) 

F. aivginosui (buziuril) 

P. buieo (liawk) 

Slrix bubo (great horned owl) .... 
Motacilla regului (gold- crowned wreo) . 

Hirundo urbica (swallow) 

Alttuda arvauii (lark) 

Frmgiltn domtitica (sparrow) .... 

F. caUb» (chafflneh) 

F. iinaria (linnet) 

F. eanaria (canary bird) 

F, carduelis (goldfinch) 

Loxia ckloris (greenfinch) 

C. pica (magpie) 

Amazonian parrot 

African parrot 

Mtleagria gallopaco (turkey) .... 
Phaiianus gallas F. (common fowl, hen) 
Phaiiunus sallui M. (cock) .... 
P. nyclkemervs (silver pheasant) . . . 
P, pichii (golden pheasant) .... 

Columba paltimbut (pigeon) 

Tetrao cinereus (grey partridge) . . . 

Slmthio cameluB (ostrich] 

S, caauarius (cassowary) 

Ota tarda (bustard) 

Ardca ckonia (white stork) .... 

A. nigra (black atork) 

A. pavaniiia (royal bird) 

Goeland 



Metre. 

(),OOS00 

O.OOBOO 
0,00600 
0,00500 
0,00550 
0,00400 
O,0O6C0 
0,00125 
0,00175 
0,00225 
0,00175 
0,00333 
0,00150 
0,00150 
0,00200 
0,00300 
0,00450 
0,00400 
0,00400 
0,00500 
0,00425 
0,00475 
0,00550 
0,00500 
0,00400 
0,00300 
0,00700 
0,OOSOO 
0,00600 
0,00750 
0.00700 
0,00500 
0,00500 
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Dimensions of the Medulla Spinalis in Birds, 

[Continued.] 



NAMES or BIRDS. 



MXAfDREl 

OftheMeduIlt 
Spinalk. 



Pelecanus bassanvs (solan goose) 

Anas anser (goose) 

A. bemicia (barnacle goose) 

A. moschata (musk duck) 

A. boschus (common duck) 

i4, moliissima (eider duck) 

■!■-■ I . I. I !■ ■ I I ■■ I ■ , I . I I m 



Metre. 

0,00750 
0,00600 
0,00600 
0,00700 
0,00675 
0,00600 



S86 OM THE MAIN AND Nl^UVOl'S SVSTEM. 

} SIS. The brain of birds does not possess several parts, 
which arc found in that of the mammalia, and the opinions of 
anatomists arc much divided concerning others, on account of 
variations in their structure and appearance. The corpus 
callosum, pons varohi, &c. come under the description of 
parts, which are certainly absent. The existence of the for- 
tnx, pineal gland, corpora candicantia and quadrigemina, is a 
f matter of dispute* 



^ 214. Anatomists have hitherto bestowed but little labour, 
comparatively speaking, on the brain o£ amphibia. It is small 
and simple, and consists of five roundish eminences ; viz. the 
two hemispheres, the two thalami nervorum opticorum, lying 
behind these, and separate from them, and excavated by a 
ventricle ; and the cerebellum, which in both classes of cold 
red-blooded animals contains no arbor vitie. The spinal mar- 
row, compared with the brain, is of astonishing magnitude in 
most ampbibia.-f- 

Thc dura matter forms no proceases in the amphibia, nor in the 



* Se« Hallei'i valuable observations, di cerr.bro avium, in the Opera Minora, vol. 
iii.; and Malacame's long commentary on them in Ihe tbree fint volumes of Ibe 
Mtmarit dtlla Sociita Italiana. 

Several authors have given representations of the brain of birds. That of Ibe 
jmAaioli, the owl, the fncha, (Jtingitta) the pigfon, the paHridgt, and the geam, 
hal been deliaeaUd by Ebel, lot. citat. 

That of the kingfiiker, the rtd bird, (Inria cardinalii) Ihe lur^y, the biaUird, 
the uoodaick, tnipe, and others of the genus icolapai, the iwan, goast, and dad:, 
b; Collins, lac. titat. tab. 49, 56, 57, and SS. 

That of the raven and commea cock by Vicq d'Azyr, in the M^moiret de PAtad. 
del Scitntes, 1783, tab. 9 and 10. 

That of the goose in a lateral and internal vievr, by Ludwig, Dt Cinerea Cenbri 
Subitimtia. Lips. 1779, 4to. fig. 1. 

t The bruD of the tortoise has been delineated by Caldesi, in his OiieiTnltoni, 
&c. lab.2, fig. 6. Thatofthe/rcgbyLudwig, Vicq d'Aiyr, and Ebel.fcciictWtii; 
aod that of the liptr by Vicq d'Azyr, tab. 10, fig. 8. 
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DIMENSIONS 



OF THE 



LOBES OF THE CEREBRUM IN REPTILES. 



KAME8 OF ANIMALS. 



MEAIUREl 

Ofthe Lobes of the Ce- 
rebrum. 



Tt'tudo graca (tortoise) 

7** mydas (green turtle) 

Crocodilus Nihticus, (common crocodile/ » 

AHult crocodile 

C sclerops (alligator) 

C. ludus (pike-headed alligator) . . • 

L. agilis (grey lizard) . 

Lacerta viridU (green lizard) , . . . . 

Tupinambis . 

L. 4fricana (common chameleonj . . . 
Anguisjragilis (blind- worm) . . . . . 

Am^isbs^na . . . 

Co/uto* beras (adder J 

llinged snake 

C. hqfi (haj6 viper) 

Rana esculenta (common frog) . . . . 



Antero-pott 
diameter. 



Metre. 

0,01600 
0,01900 
0,00800 
0,01800 
0,00700 
0,03100 
0,00500 
0,00350 
0,00400 

0,006QO 
0,00250 
0,00500 
0,00400 
0,00550 
0,00575 
0,00500 



Trantrene 
diameter. 



Metre* 

0,00500 

0,01000 

0,00500 

0,01500 

0,00400 

0,01100 

0,00375 

0,00350 

0,00300 

0,00333 

0,00300 

0,00300 

0,00300 

0,00400 

0,00400 

0,00400 



JJi THE BRAIN ANU NEItVOUH SYSTEM. 

DIMENSIONS 

; CORPORA QUADRIGEMINA IN BIRDS. 



e) 0,00800 

den eagle) I O.OOSOO 

gle) ; 0,01 100 

nj . 1 0,00725 

zard) 0,00550 

0,00600 

M i.,i[aici;i<,Hj (gold-crowned wren) . . '0,00300 

Hinndo urbka (swallow) 0,004*5 

Alaada arvemis (lark) 0,00425 

Fringilla domestica (sparrow) ' 0,00400 

F. caltba (cliaffincli) ' 0,00400 

F. iinaria (Unnet) 0,00300 

F. canaria (canary bird) 0,00395 

F. cardveivs (goldfinch) I 0.00325 



Loxia chltu'h (greenfinch) , 

C. pica (magpie) 

Amazoniaa parrot 

African parrot 

Meleaens eattopnvo (turkey) . . 
Phtuianua gallvK (common fowl) . 
P. ni/clliements (silver pheasant) , 
P. piciia (golden pheasant) . . 
Strulhio caiiiclus (ostrich) . . . 
S. catuajius (cassowary) . . . 
Otis tarda (bustard) .... 
Ardea ciconia (white stork) , . 
A. pnnonina (rojal crane) . . . 
Goeland 



0,00400 
0,00600 
0,00635 
0,00600 
0,00725 
O.OQi^OO 
0,OOS50 
0,00700 
0,01135 
0,01000 
O,O0SOO 
0,OOSOO 
0,OOflOO 
0,00800 



Alette. 
0,01300 
0,01 soo 
0.01 100 
0,00775 
0,00900 
0.00900 
0,00950 
0,00450 
0,00400 
0,00350 
0,00100 
0,00300 
O.OOSOO 
0,00300 
0,00350 
O.O0600 
COtOOO 
0,00700 
0,00375 
0,00900 
0,00900 

a,oow)0 

0,01 100 i 
0,01050 . 
0,00775 ' 
0,01300 
0,00900 
O.OOSOO 
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Dimensions oftlie Corpora Quadrigemina in Birds. 

[Continued.] 



NAMES OF BIRDS. 


MEASURES 

Of the Corp. Quad. 


Transverse 
diameter. 


Antero-posL 
diameter^ 


PekcawHs Bassanus (solan goose) .... 

Anas aaser (goose) 

/f . hemicla (barnacle goose) . • , . ^ . 
A, mosckata (musk duck) ....... 

A. molHssima (eider duck) ...,., 

1 


Metre. 

0,00900 
0,00700 
0,00650 
O.OOSOO 
0,00600 


Metre. , 

0,OUOG 
0,00850 
0,00900 
0,00975 
OfiOG2$ 



ON THE DRAIN AND NERVOUS SYSTEM. 



DIMENSIONS 



THE MEDULLA OBLONGATA IN BIRDS. 



KAMEa OF BIRDS. 



Vulttufulvvt (vulture) 

Faica chtysneiot (royal eagle) . . . . 

P. ouifragua (sea eagle) 

F. eommvna (falcon) ...... 

P. amginoius (buzxaril) 

P. buito (hawk) 

Slrix bubo (great horned owl) . . . 
MotaciUa rrgulm (gold-crowaed wren) . 

Uinindo urbica (swallow) 

Alauda atretuii (lark) 

Fringilla domesliea (sparrow) . . . . 

F. caileb) (chaffinch) 

F. linariii (linnet) 

F. canaria (canary bird) 

F. cardvelU (goldfinch) 

Loiia chloria (greenfinch) 

C. pica {magpie} 

Amazonian parrot 

African parrot 

Meleagris gallopnvo (turkey) . . . . 
Pliatianva gallua F. (common fowl, hen) 
P!<a:,mniii gnllM M. (cock) . . . . 

Capon 

P. nya/innerus (silver pheasant) . . . 
p, picius (golden pheasant) . . . . 
Columba pa/vmbus (pigeon) . . . . 
Trclrao citiereus (grey partridge) . . . 

SlTutliio cametus (ostrich) 

S. catuarius (cassowary) 

Otit lardu (bustard) 

Ardfa civoaia (white stork) . . . . 

W. nigra (black stork) 

.i. pavonina (royal crane) 



0,01100 
0,01 400 
O.0I700 

0,00800 
0.00900 
O.0O900 
0.00900 
0,00300 
0,00350 
0,00400 
0,003T5 
0,00450 
0.003T5 
0,00300 
0,00300 
0,00400 
O.OOSOO 
0,01000 
0,00900 
0,00950 
0,01000 
0,01100 
0,OOSOO 
0,01025 
0,00950 
0,00600 
0,00550 
0,01600 
0,01600 
0,01000 
0,01533 
0,01400 
0,00900 
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Dimensions of the Medulla Oblongata in Birds* 

[Continued.] 



NAMES OF BIRD9. 



Goeland 

Pelecanm Bassanus (solan goose) .... 

Anas anser (goose) 

it. bemicla (barnacle goose) 

A, moschata (musk duck) 

A. botchiis (common duck) . . . . ^ 
A, mpllissima (eider duck) . . . . . . 



MEASURES 

Of the Medulla 
Oblongata. 

Metre. 

0,01000 
0,01400 
0,01050 
0,01100 
0,01400 
0,01400 
0,01100 



I TIIK HUAIN and nervous SYS'rBM- 



DIMENSIONS 



THE MEDULLA SPINALIS IN BIRDS. 



rWnu/uIcui (vulture) 

Faico ctryuielos (royal eagle) .... 

F. oKifragut (spa eagle) 

F, commimia (falcon) 

F. aruginntui (buxznrd) ..... 

F. iu/M (liawk) 

Sirix bubo (great horned owl) .... 
Motacilla rtguliu (gold-erowned wren) . 

Hirimdo vrbica (swallow] 

Alauda arveiuii (lark) 

Fringilla domtitica (sparrow) .... 

F. caltb» (chaffinch) 

F. linaria (linnet) 

F. canaria (canary bird] 

F. ciirdueUi (goldfinch] 

Loxia chloris (greenfinch] 

C. pica (magpie) 

Amazonian parrot 

African parrot 

Meleagrii galiopavo (turkey) .... 
Phaiianua gallus F. (common Ibwl, hen) 
Fhasianus gallui M. (cock) .... 
P. nycihemervi (silver pheasant) , , . 
P. pictus (golden pliea»ant) .... 

Coluiiilm pa/vmbui (pigeon] 

Tetrao cincreut (grey partridge) . . . 

Siruthio camelus (ostrich) 

S. c...»™ (c.mo.arj) 

OcU tarda (bustard) 

Ardeu ckonia (white stork) .... 

A. nigra (black stork) 

A. patoriina [royal bird] 

Goeland 



Metre. 
0,00800 
0,00800 
0,00600 
0,00500 
0,00550 
0,00400 
0,00600 
0,00135 
0,0OKS 
0,00225 
0,00175 
0,00233 
0,00150 
0,00150 
0,00200 
0,00300 
0,00450 
0,00400 
0,00400 
0,00500 
0,00425 
0,00475 
0,00550 
0,00500 
0,00400 
0,00300 
0,00700 
O,O0S00 
0,00600 
0,00750 
0,00700 
0,00500 
0,00500 
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Dimension^ of the Medulla Spinalis in Birds. 

[Continued.] 



NAMES or BIRDS. 



Fehcanus hassanus (solan goose) 

Anas anser (goose) 

A. hemicia (barnacle goose) 

ji, moschata (musk duck) ......... 

A, boschus (common duck) 

A, moliissima (eider duck) 



MXAfDREl 

OftheMeduIlt 



Metre. 

0,00750 
0,00600 
0,00600 
0,00700 
0,00675 
0,00600 



k 



S4i OK THE BRAIN AND NERVorS SYSTEM. 



DIMENSIONS 



THE CEREBRUM IN FISHES. 



Petromi/zonfiuvialis (lesser lamptey) 
Siiuahu canhaTias (white shark) 

& acanthiui (aguilat) 

S. grUeuf (grey shark) 

5. glauau [blue sbark) . . . , 

Raya clavala (ray) 

R, rnius (red ray) 

Acipmser tiurio (sturgeon) . . . 

Eiox lociua (pike) 

Cyprinus carpia (carp) 

C. tinea (tench) 

Gadui morrhua (cod) 

C. e5fc>w (haddock) 

G. merlangus (whiting) .... 
PleuroncciM maiimus (turbot) . . 

Muranii anguilla (eel) 

M. conger (eongor eel) .... 
Trigta lyra (flying-fish) .... 
Lophius yiscatoriui (frog-fish) . . 



or the Cerebium. 



0,00400 
0,02300 
0,01 100 
0,03000 
0,01700 
0,01500 
0.01650 
0,00600 
0,00700 
0,00600 
0,00400 
0,00725 
0,00100 
0,00500 
0,00600 
0,00100 
0,00750 
0,00600 
0,00400 



Metre. 
0,00300 
0,01100 
0,01000 
0,01600 
0,00700 
0,01300 
0,0 19 
0,00550 
0,00550 
0,00500 
0,00300 

o.oosoo 

0,00100 
0,00400 
0,00450 
0,00300 
0,00600 
0,00500 
0,0C " 



ON THE BRAIH AND NERTOUi ITiTBM. 34S 



DIMENSIONS 



THE CEREBELLUM IN FISHES. 



Of the Ceretiellun 



Petromyton fluvialis (lesser lamprey) 
Sijimlus earcharias (white shark] 

S. acanthias (aguilat) 

S. griseiu (grey shark) 

S. glaucus (blue shark) .... 

Haya ctavata (ray) 

R. nbus (red ray) 

Aeipenser slurio (aturgeon) . . . 

Etox Indus (pike) 

Ck/prinus carpio (carp) 

C. tinea (tench) 

Gadug morrhua (cod) 

G. egltfinwi (haddock) 

G, merlangus (n'hitiag) .... 
PUwonectM minimus (turbot) . . 

Muranti anguiila (eel) 

Jtf. conger (congor eel) .... 

Trfgla lyra (flying-fish) 

Lopkius piaeaiorius (frog-fisli) . . 



Metre. 
0,00225 
0,01700 
0,01300 
0,02700 
0,0107.') 
0,03400 
0,02000 
0,01300 
0,00600 
0,00675 
0,00500 
0,01350 
O.OOSOO 
0,00600 
0,00750 
0,00600 
0,01075 
0,00900 
0,00700 



Meti 

0,00100 
0,03100 
0.01700 
0,02200 
0,02100 
0,03500 
0,03500 
0,01600 
0,00633 
0,OOSOO 
0.00550 
0,01700 
0,01000 
0,00635 
0,00'JOO 
0,00450 
0,00900 
0,00633 
0,00400 



>S TUE BRAl 



AND NEltVOUS SYSTEM. 



DIMENSIONS 



IRPORA QLADRIGEfflNA IN FISHES. 



'■sser lamprey) 



■) 



Ik moui (,reu rsy) .... 
Acipauer stario (sturgeon) 
Eior lucius (pike} .... 

Cypriiiua carpio (carp) . . 

C. tiaca (tench) 

Gadus morrhuii (cod) . . 
G. cgfrjinu, (haddock) . . . 
G. mcrl'ingua (whiling) . . . 
Pieuronecles mazimas (turbot) . 
Mwana an^illa (eel) , . . 
M. conger (congor eel) 
Trigla lyra (flying-Gsli) . . 
Lophiua piscatorim ffrog-fisli) 



Metre. 
0,00200 
O.OO'TOO 
0,U0€O0 
0,01100 
0,00G33 
0,00000 
0,00«00 

o.ooaao 

0,00575 
0,00700 
0,00400 
3,0OtJOO 
0,00000 
0,00433 
0,00433 
0,00350 
0,0OCOO 
0,00800 
0,00500 



Metre. 

0,00233 

o.oieoo 

0,01075 
0,01700 

i>,oisde 

0,01500 

0,01900 

0,00660 

0,0( 

0,0t 

0,00600 

0,00800 

0,00900 

0,00675 

U,U0675 

0,00300 

0,00050 

0,00850 

0,00600 
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DIMENSIONS 



OP 



THE MEDlJhLA OBLONGATA IN FISHES. 



I 



NAMES OF FISHES. 



Pdrpmyzonjiuvialis (lesser lamprey) 
S^ahds carcHarids (white shark) . 
S, adanthias (agiiilat) . . . . 
Rigfa ciavaia (ray) , . . . . 

R, rubtts (red ray) 

Adpenser sturio (sturgeon) . . 
E90X lucius (pike) . . . . . 
Q^9Tinm carpio (carp) . . . . , 

C» ihuia (tench) 

Gndu$ morrhua (cod) .... 
G. €giefinv$ (haddock) . . . . . 
G, niifnrlangus (whiting) . . . . . 
Piaeriimectes maximus (turbot) . . 

i^ ^ika (sole) ' 

JtfUrt^a jar^illd (eel) . . . . 
ilf« cogger (congor eel) .... 
Pj^a.^uviiUilis (perch) . . . , 
iiiglalyira (flying -fish) .... 
Lophiua fiscatorius (frog- fish) 



MEASURES 

Of the Medulla 
Oblongata. 



Metre. 

0,00400 
0,01400 
0,00900 
0,01800 
0,01600 
0,00850 
0,00900 
0,00600 
0,00550 
0,01000 
0,00650 
0,00600 
0,00900 
0,00500 
0,00600 
0,01100 
0,00550 
0,00700 
0,00800 



ON THE UaAlN AND NERVOUE SYSTEM. 




DIMENSIONS 



THE MEDULLA SPINALIS IN FISHES. 



Feiromytonjluvialu (lesser lamprey) 

Squaliia carcharias (white sliark) . . 

S. actinthias (aguilat) 

Ra^a clavatu (ray) 

R, nibui (red ray) 

AcipenKT tiurio (sturgeoD) .... 

Etos lucim (pike) 

Cvprinta earpio (carp) 

C?li«;«(lench) 

Gailua iiiorr/iaa (cod) 

G. egl^iut (haddock) 

G. merlangui (whiting) 

PleUTaneitcs maximua (turbol) . . 

P. aolea (sole) 

MBTifnit anguilla (eel) 

.W.con.Ter(congoreel) 

PcTCaJiuviatitis (perch) .... 
Trigla lyra (flying-fish) .... 
Loplims piscaloritis (frog-fisli) . . . 



Metre. 
0,00275 
0,00700 
0,00600 

0,00900 
0,00600 
0,00400 
0,00600 
0,00300 
0.00300 
0,00575 
0,00500 
0,00300 
0,00500 
0,00333 
0,00250 
O.0O70O 
0,00900 
0,00400 
0,00400 
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INSECTS. 

§ 219. The general structure of the nervous system in this 
dass has been already, mentioned (§ 204). 

The larvae, in which the subject has been most completely 
investigated,"*^ have a brain, consisting of two ganglia, contain- 
ed in a horny cavity larger than itself. The nervous cordj 
which in red-blooded animals constitutes the medulla spinalii^ 
proceeds from this point along the abdomen, forming in its 
passage twelve simple ganglia, from which, and from the two 
ganglia forming the brain, the nerves derive their origin.*!* 

VERMES. . 

• - 

^ 220. Excepting those animals which inhabit corals, and 
the proper zoophytes, most genera of the other orders of ^lis 
iciass are found to possess a distinct nervous system ; j: although 

* See Lyonet's excellent account of the larva of the PhaUBna Cosms, tab. 9, 10« 
■And 18. That of the silkworm by Swammerdam, tab. 28, %. 3, (which is better 
than Malpighi's representation) and by Bibiena, in the Cwnment, Jnstit, Bonoiuifim, 
V. pt. 1, tab. 4. That of the butterfly, by Bibiena, ibid. 

t The nervous system of the larva of the aag-beetle, may be seen in Swammer- 
ddm« tab. 28, fig. 1 ; and in Roesel, tom. ii. tab. 8. That of the epliemera, in 
Swammerdam, tab. 14, fig. 1, tab. 15, fig. 6. That of the male bee, ibid. tab. 22, 
^, 6, That of the musca chanuBleorif in the different stages of its metamorphose^, 
ibid. tab. 40, fig. 5, tab. 41, fig. 7. That of the larva of the musca putris, ibid. tab. 
43, %. 7. That of the louse, tab. 2, fig. 7. That of the lobster, Willis De Anma 
Brutorum, tab. 3, fig. 1. 

Humboldt's Verzuche iiber die gereizte MwHtel tmd Nervenfase, vol. i. contain seve- 
Val i^cellent anatomical and physiological remarks on the nervous system of some in- 
sects, pp. 273, 286. 

• I See Jos. Mangili De Systemate Nerveo HirudinU, Lumbrici Terrettrit, aliorumque 
Vermium, Ticini, 1795. 

The nervous system of the leech has been shewn by Redi, De Viventibus intra 
Viventia, tab. 14, fig. 9 ; and Bibiena, Comment. Jnstit, Bonon, tom. vii. tab. 2, fig. 
5, tab. 3, fig. 6. Bering's excellent work on the leech; and Mangili's book .may 
also be consulted. 

The nerves of the slug are represented by Swammerdam, tab. 9, fig. 2 ; and those 
of the heU:e pomatia, ibid. tab. 4, fig. 6; tab. 6, fig. 1; whidh may be compared 
with the drawing by Spallanzani, in the Memvrie deUa Societti ItaUdna, ^pm. ii, pt. 2, 
p. 545. 
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ronner anatomists have expressly declared, in several in- 
stances, that iio such parts existed.* The structure and dis- 
tribution of tlifl nerves possess in many cases a surprising ana- 
logy to those of insects. The nervous system of the sea-mouse, 
{apltrodite acuteata) for example, is very similar to that of the 
Wvs.f In others it is more anomalous : tlius, in the cuttle- 
fish, two large nervous chords arise from the brain, and form 
in the breast two club-shaped ganglia ; from which numerous 
nerves proceed. J 

in tlie clas* of insects, and of vermes, the upper ganglion of (he 
nervous chord, whrdt represents tlic brain, is usually placed near the 
mouth or ocBophagus ; which tube is surrounded by a nervous chord 
proceeding from that gangHon. 

In the first volume of the work of M. Setres, I'Aimtomie comparee 
dit Cereeaa, which obtained tbe prize adjudged at the Royal Institute 
of France, in 1821, tlie Report of Baron Cuvier, on that production, 
is inserted. That report contains, in the form of aphorisms, the 
substance of M, Serres's work, which, proceeding from so distin- 
guiahed nn anatomist, cannot fail to form a valuable appendix, to this 
section on the brain and nervous system. 

The spinal marrow is developed before the brain in all classes. 

It consists first, in young embryos, of two cords, whtdi an aot 
united posteriorly; between these two portions a sulcus is left. These 
two cords soon approximate and join at their posterior part ; the in- 
terior, therefore, of the spinal marrow is hollow. This canal, which 
may be designated hy the name of ventricle, or canal of the spinal 
marrow, is sometimes filled witli a liquid, constituting dropsy of the 
spinal marrow ; this disease is of frequent occurrence in the embryos 
of mammalia. 

The canal becomes obliterated at the fifth month of the human 
embryo, and the sixth of those of the cow and horse, the twenty-fifth 
day in the embryo of tlie rabbit, and the thirtieth in those of die cat 
and doi^. It is found in the larva o{ frogs, until the anterior and 
posterior limbs appear. 

This obliteration takes place in all these embryos by the depositioa 



* See the remarks of Humboldt, in his work above quoted, p. 259 ; and Cuviei'i 
classical work, which I here quote once for all, torn. ii. p. 298. 

t FaUas, Miicellanta Zoologica, tab. 7, bg. 13. 

t Swsmmerdam, tab. S2, Sg. 2. Monro, On the FhyiiaUigy of FiiKa, tab. 41, 
£(. 3. Scupa, lac. eitat. tab. 4, fig. 7. Tileaius, in iBeaSumn and BoKmnnlkr'* 
Btntt'agt lur die Ztrglitderuitgikunst, vol, i. pt. 2, tab. 2. 
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of successive layers of grey matter, secreted by the pia mater which 
passes into this canal. 

. The spinal marrow in young embryos of all classes, is of thesabie 
size throughout its whole extent ; there is no enlargement either an^ 
riorly or posteriorly, as is the case with reptiles deprived of limbs (vi- 
pers, adders, blind- worms,) and most fishes. 

Embryos, which want the enlargements of the spinal marrow, aare 
deprived of their anterior and posterior extremities. The embryos of 
all mammalia, of birds, and of man, r^emble, in this respect, the lar- 
vse of the frog genus in general. 

With the appearance of limbs coincides, in all embryos, the ap- 
pearance of anterior and posterior enlargements of the spinal marrow. 
This effect is especially remarkable in the larvae of frogs at the pe- 
riod of its metamorphosis ; the embryos of man, mammalia, birds, 
and reptiles, experience a metamorphosis, entirely analogous to that 
of the larvae. 

The animals which have only a pair of limbs, have only one en- 
larffement of the spinal marrow ; the cetacea particularly are examples 
of Uiis kind. The enlargement varies in situation according to the place 
which the pair of limbs occupy on the trunk ; the enlargement of the 
apinal marrow in the genus bipes is situated on the posterior parts/in 
the genus bimantis, on the contrary, on the anterior part. 

In the cases of monstrosity, which the embryos of mammalia, birds, 
and man, so oflen present, there are frequently found bipeds and bi- 
mana, which, like the cetacea and reptiles we have just ntentioiied, 
have only one enlargement, situated very near the pair of limbs which 
remains. 

The spinal marrow of fishes is slightly enlarged very near the 
place which corresponds to their fins. Hence iSke jugular have this 
enlargement behind the head, at the cervical region of the i^noal 
marrow, the pectoral.^ near the middle part, or dorsal, and the abdo* 
minal, near the abdominal region of the spinal marrow. 

The Jlying'Jish is remarkable on account of the detached rays of its 
pectoral, as also by a series of enlargements proportioned, both in 
number and in size, to the size and number of these same rays to 
which they correspond. 

The electrical fish has a considerable enlargement, corresponding 
to the nerve which is distributed to the electrical af^paratus, (ray «t7ti- 
rus electricus). 

The class of birds presents very remarkable differences in the>prc^ 
portion of these two enlargements. 

The birds which live on the earth, as our domestic birds, land 
those which climb trees, have the posterior enlargement much greater 
than the anterior. The ostrich is a remarkable instance of this kind* 

The birds which fly in the air, and which often makelong journeys, 
present an inverse arrai^ement ; viz., the anterior enlargement ex- 
eee4s the posterior. 

M. Gall said that the spinal marrow was enlarged at the or^in 
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DIMENSIONS 



THE CEREBRUM IN FISHES. 



KAHES OF FISHES. 



Antero-posU Ttansverw 



Of the CuebnUB. 



Petromyznnfiuviatis (lesser lamprey) 
Smiatus cnreharittt (white sbark) 

a. acanthius (aguilat) 

8. grisfvn (grey shark) 

5. glattcua [blue shark) . . . , 

Raya clavata (ray) 

if. ruliui (red ray) 

AcipenKr gturio (sturgeon) . . 
Egax locim (pike) 

Cyprinus carpio (carp) 

C. tinea (lench) 

Gadus morrhua (cod) . . . . , 

C. egfc>ui (haddock) 

G. merlangut (whiting) 

Flturonecies maiimiu (turhot) 

Murieaa aufpiiUa (eel) .... 

itf. conger (congor eel) . . . 

Trigla lyra (flying-fish) . . . 

Lophiui piscaloriui (frog-fish) 



0,00400 

0,02300 
0,01 100 
0.O300O 
0,01700 
0,01500 
0,01650 
0,00600 
0,00700 
0,00600 
0,00400 
0,0072j 
0,00100 
0,00500 
0,00600 
0,00100 
0,00750 
0,00600 
0,00400 



0,00300 
0,01100 
0,01000 
0,01600 
0,00700 
0,01300 
0,01300 
0,00550 
0,00550 
0,00500 
0,00300 

o.oosoo 

0,00100 
0,00400 
0,00450 
0,00300 
0,00600 
0,00500 
0,00300 
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DIMENSIONS 



OF 



THE CEREBELLUM IN FISHES. 



NAMES OF FISHES. 



Peiraif^zon Jkanalis (lesser lamprey) 
S^udkis carcharias (white shark) 
S. acahihioi (aguilat) . . . . . 
S.'griteus (grey shark) . . . . . 
A-gHiitcus (blue i^hark) .... 

A^o ^vata (ray) 

iL'r»kr«(redray) 

Ac^^piser siurio (sturgeon) . . . 

Siix hdua (pike) 

C^lpfimfs carpio (carp) . . . . . 

C» ^lira (tendi) 

€kiii$i8 morHiua: {cod) 

6^ '<^/^ii9 (haddock) . . . . . 
CKnieriangua (whiting) .... 
Platrmectes maximus (turbot) . . 

JUUtrmim anguilld (eel) 

M. conger (cohgbr eel) .... 
7V7^to./yra (flying.fish) . . . . 
Lophiia piscatotius (frog-fish) . . 



MEASURES 

Of the Cerebellum. 



Transverse 
diameter. 



Metre. 

0,00295 
0,01700 
0,01500 
0,02700 
0,01075 
0,03400 
0,02000 
0,01300 
0,00600 
0,00675 
0,00500 
0,01350 
O,0OS0O 
0,00600 
0,00750 
0,00600 
0,01075 
0,00900 
0,00700 



Antero-post. 
diameter. 



•¥'• 9 *0 



Metre. 

0,00100 
0,03100 
0,01700 
0,02200 
0,02100 
0,02500 
0,03500 
0,01600 
0.00633 
0,00800 
0,00550 
0,01700 
0.01000 
0,00625 
0,00900 
0,00450 
0.00900 
0,00633 
0,00400 
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The corpus callosum, as well as the pons varolii, are peculiar to 
mammalia. The corpus callosum is developed in direct proportion 
to the size of the corpora striata and hemispheres. It increases pro- 
gressively from rodentia and man. 

The corpus callosum is developed in direct proportion to the de- 
velopment of the tuber annulare. 

The hemispheres, taken as a whole, are developed in the direct ratio 
of the hemispheres of the cerebdlum, and in the inverse ratio of its 
superior vermiform process. 

The cerebral hemispheres are developed inversely, as the spinal 
marrow and corpora quadrigemina. 

The nerves do not arise from the brain, to be distributed to the' 
different organs of the body, as has been generally supposed ; but 
they proceed from these organs to the brain and the spinal marrow, 
for the purpose of communicating with these nervous centres. 

M« Gall has stated, that the grey is formed before the wMite mat<-; 
ter;* this, opinion- is not correct, as far as the spinal marrow is con* 
cerned.' 

M. Cuvier first proved, that in the genus asterias the nervous 
system is composed of white, without any grey matter. 

During the incubation of the chick, the first rudiments of the spinal 
marrow are observed, composed of white matter ; the grey does no^ 
appear till a later period. 

In the human fcetus, and that of mammalia, the white matter is 
constantly observed to appear before the grey in the spinal marrow ; 
but in the cerebrum, properly so called, this order, as to the appear- 
ance pf the two substances, is reversed. 

Hence the optic thalami and corpora striata are only enlargements 
in:the young foetus composed of grey matter ; the white not appear- 
ingtill a later period. 

T^e corpora striata cannot be said to exist in the human foetus, 
bec^nse'the striae of white matter are not then formed. 
'. The striae of white matter, which are found iii the fourth ventricle 
of the human subject, do not appear till the twelfth or fifteenth month 
after birth. 
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CHAPTER XVII. 



OH TUK OBOAN8 OF THE SENSES IN GENERAL, AND ON THAT 
or TUB SENSE OF TOUCH IN PAIITICULA&. 

f S91. Few subjects in comparatiTe anatomy and physiot:^ 
have given rise to more various and contradictory opinions 
than the organs of sense in some classes of animals.* Mucb 
jnisundcrstanding on this point lias clearly arisen from the 
inconsiderate and unconditional application of inferences drawn 
£rom the human subject to animals. Thus it has been sup- 
posed that tliose which possess a tongue, must have it for the 
purpose of tasting ; and that the sense of smell must be waat* 
ing, where we are unable to ascertain the existence of a nose. 
Observation and reflection will soon convince us, that the 
tongue, in many cases (in the ant-eaters among the mammafia, 
and almost universally in birds), cannot from its substance 
and mechanism be considered as an organ of taste, but must 
be merely subservient to the ingestion and deglutitifm of Ae 
food. Again, in several animals, . particularly among iiufeti, 
an acute sense of smell seems to exist, although no p&rt (Sm 
be pointed out in the head which analogy woidd justify us in 
describing as a nose. 

^ 222. However universally animab may possess that fed- 
ing, which makes them sensible to the impressions of waimtb 



* Much useful infoimatiDn on the organa of sense, and indeed on coinpinliTe 
phyuology in general, may be found in F, Boddaert'a A'aluurfcundig«n Besdrnving 
dtr Curcn. Utrecht, 1778, Bvo. ; and on the relation of the seows in the difieRit 
classea of animala, the leader may coniult Dr. l^oxler'* Vtrwatht in der Orga- 
wdun Fhyiik. Jena, 1604, Sto. 
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and cold^ very few possess, like the human subject, organs 
exclusively appropriated to the sense of touch, and expressly 
constructed for the purpose of feeling, examining, and ex- 
ploring the qualities of external objects. 

This sense appears, according to our present state of know- 
ledge, to exist only in four classes of the animal kingdom; 
viz. in most of the mammalia, in a few birds, in serpents, and 
probably in insects. 

MAMMALIA. 

% 22S. The structure of the organ of touch is the most per- 
fbci^ and similar to that of the human subject, in the quadru^ 
mama. The ends of their fingers, particularly of the j)osterior 
extremities, are covered with as soft and delicately organized- 
a Aisif as that which belongs to the corresponding parts in 

Bum* 

. Several of the digiiata are probably provided with this 
senae^ The organization of the under surface of the front 
toes of the racoon, (ursus lotor) and the use which the animal 
niakes of those parts, prove this assertion. 

. It IK not 8^ clear that we are authorized in considering the 
snout of the mole* and pig^f not to mention the tongue of 
iSIki soUdungula and bisulca,1[, or the snout of these and otheif 
^nipiam as true organs of touch, according to the explana- 
tkm above laid dowti. Much less can we suppose the long 
bHstly hairs, which constitute the whiskers of the cat kind, 
and otber mammalia, to be the organs of touch in the sense we 
af6 now considering, although they may be serviceable when 
Aej tt>me in contact with any object, in warning, and making 
^e animal attentive. The seal, for instance, has a very long 
infra-orbital nerve, consisting of about forty branches, which 
are (Ustributed tp the projecting lip. I have traced many of 

* Deiham's Physko Theology, p. 2WS, not 60. 
t Darwin's Zoonomia, tbrn. i. p. 162. 
''i Buffon, Hisioire des Oiseaux, torn. i. p, 47. 
$ BuffoD, Htstotr* NttturelU, torn. iii. p. 360. 

S 2 
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L Ihcir terminations to that part of tijc integuments in which 
] llie bulbous roots of llieir strong whiskers are inserted.* 

^~^l. ThtTO woulil be more reason for ascribing tlus 
, aensc to llic urolioscis of the elepkaul, and to the soft, und- 
k form, and always moist point of the upper hp of the rMrut- 
I oerttf . 

I tt)ink, however, that the oralthor/ii/ac/ius clearly possesses 
an organ of toucli. In this curious animal, as in the dmi, 
&c., the sense in ({ucstion resides in the integuments which 
cover tlic expanded portion of its jaws, particularly the upper . 
one; this part is most copiously supplied with nerves frOm ■ 
t]ie Sfth pair, and chiefly from its second branch, distribute!^'! 
just in the same manner as they are on the correspoDding ' 
parts of the swimming birds.t 

Bats bave been supposed to possess a peculiar power of percejring 
extcrn.ll objects, williout coming actually into contact with them. 
In their rapid and irregular tliglit amidst various surrounding bodies, 
they never fly against them ; yet it does not seem that the senses of 
hearing, seeing, or smelling, serve tliem on Ehese occasions, for tbey 
avoid any obstacles with equal certainty when the ear, eye, and nose, 
arc closed. Hence naturalists have ascribed a sixth sense to these 
animals. It is probably analogous to that of touch. The nerves of 
tbn iviug are large and muiierotis, and distributed in a minute plexus 
between the inicgumetits. The impulse of the air against this part 
may possibly be so modified by the objects near wMch the uuaal 
passes, as to indicate their situation and nature. 

Certain species of apes {i/ie sapnjous) are furnished tvith tie 
greatest nuinber of organs of touch ; not only arc their hands and 
feet adapted to this sense, but also the lower part of their tails. It 
must be observed, however, that the fingers of their hands are op- 
posed with difficulty to the thumb, which is sometimes altogether 
wanting ; besides both the toes and fingers are with difficulty sepa- 
rated from each other. With respect to the tail, the number of ver- 
tebrjE which compose it is greater in a given space than in tiie same 
space of the tails of apes which are not prehensile. 

Man, who has only a rudiment of the sub-cutaneous tail, and 
whose feet are formed in a manner peculiarly adapted to the station 

• See Darwin, ioc.cH. Wiedemann, in the Gottitig. gtL Aaiagen,- 1798, p. 2HI. 
Albets, ibid. 1803, p. 603 ; and Vrolik, Oiiar btt nut cl«r Knevels by vierBoOiee 
Dieren. Amst, 1800, Bvo. Audial, in Majeodie's Joantai dt fhyaioL torn. ii. p. 74. 

t See Plate I. k, I, m, t. 
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toid progression of a biped, is, with respect to the number of parts 
formed for the sense of touch, less advantageously furnished than 
some species of apes ; but the deficiency in point of number is 
recompensed by the perfection of the form of his hand, which ena- 
bles mm to touch a globular surface, in almost all its points, on 
Account of the length of the thumb in proportion to that of the 
fingers, and the possibility of separating the thumb from the fingers^ 
aiid the fingers from each other. The structure of the skin is also 
more perfect, the thickness of the sub-cutaneous adipose substance, 
the breadth of the extremities of the fingers, the fine texture of the 
Cttti^ the size of the nervous papillae, the thinness of the epidermisj 
and the size of the nerves at the extremities of the fingers, are all 
circuiQStaQces which give peci^liar delicacy and perfection to this 
organ. Seme species of apes, with prehensile tails, possess a similar 
modification of the organ of touch, but it is confined to the hind £eet 
and tail. Many mammalia have the organ of touch situated in the 
bips, as the horse, in which these parts are much developed, move- 
abte, and furnished with many nerves ; or, what is more singular, in 
the nose, as the tapir and elephant^ the prolonged nose of which 
latter aniipal termjin^tes in a flexible, fleshy, papillary edge, without 
entiGle, divided into two parts, one at the extremity of the nostrils, 
and the other prolonged to the dorsal or superior line into an ap- 
pendix shaped fike a finger ; this is called its trunk. 

The mole and pig have the nose formed for feeling, but not for 
distingaishing the shape of external objects. 

BIRDS. 

§ 225. The structure of the organ of touch in the orni* 
fhorhynchus, which has been just described, is exactly similar 
to that oi geese and dticks. The bill of these birds is covered 
with a very sensible skin, supplied with an abundance of 
nerves, from all the three branches of the fifth pair.* This 
apparatus enables them to feel about for their food in mud, 
where they can neither see nor smell it. 

Birds are much less favoured in respect to organs of touch than 
poammalia ; one extremity of their bodies being occupied with the 
bill, and the other with a sort of oar or rudder. The anterior 
appendices are'organs of mere locomotion, and the remaining portion 
of the body, or the extremities of the posterior appendices, serve to 
give them a firm position on their two legs. We find, however, that 
m these animals the toes are more articulated than in mammalia, 
that they are in a great degree capable of being separated from each 



^ See Plate IV. c and f, to o. 
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Other, tlikt dio pa[n1lte of the 

with whidi they are furnished considerable. It may be iiifencd, 
therefore, tlisl the feet of birds would be tolerably perfect orgaiuof 
touch, if they were not used ai organs of locomotion, and Uiat the 
Igis ihoy arc iiscd for tlie latter purpose, the more perfect would be 
the Sonne of touch. Accordingly we find that parrots take up tbett 
food with their fuet, and convey it to their mouths. In birds of 

Ercy ilie sense of touch is probably more acute, as their feet ara 
ttiu used for progression. In the galliuaceoui birds, whose feet m 
constantly on the ground, and in the oiirich and caisowaty, whicb do 
not fly, the epidermis is thickened, and its Bcnsibility consequencl; 
diminished. 



\ 22G. It has been said with more of point tban of phfEt- 
ologicil accuracy with respect to serpents,* that their whole 
body is a hand, by which tliey gain just notions of the tan- 
gible properties of bodies. According to Hellman, who has 
investignled this subject, their slender hifurcated tongue 
serves the purposes of touch.-f- 

There are some differences in respect to the degree in which dif- 
ferent classes of reptiles may be Ruppoacd to possess some approxi- 
mation to the organ of touch. The land and sea tortoiseB may be 
supposed to |>ossess the least sensibility in this respect, on account of 
the shoriness and close junction of their tot'S. The crocodiles, though 
the structure of their toes is somewhat more adapted to the sense of 
touch, resembling in this respect tlie river tortoises, whose toes are 
well separated, cannot however be supposed capable of feeling the 
form of external objects. This is the case also with the greater part 
of the lizardi, and especially those species which, by the diminutioD 
of their members, become almost true tr.rpenli. Even in those, whose 
toes are long and separated, the structure of the skin leads us to con- 
clude that they are merely organs of locomotion. In the geckos, 
however, and still more in the chumekom, we may suppose the taaa 
of touch to exist, since they clasp the branches of trees with their 
toes, and even with their tails, which are prehensile. The number of 
vertebrse which compose the tail of the chameleon, are proportions^ 
greater than in a lizard of the same size, and the skin which covers 
Doth the tail and the toes of that animal seems to he sofler than the 
integuments in other parts of the body. 

The great number of vertebree which form the vertebral coltunn of 

* CiTtanaet, ia hii expoBitlon of the Darwinian system, pt. 1, p, 124, 
t A. Hellman, viier dm Toiismn der Schlavgtn. Gdttinj. 1817. 
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aerpents seems a &vourable structure for an organ of touch ; but the 
scaly integuments of these animals renders it improbable that they can 
ju4ge of die form of external objects. Those species, however, which 
can dimb trees, and coil themselves round the branches of trees, have 
a structure better adapted to this sense, since they have a greater 
number of vertebrae in a given space than the other species, espe- 
cially towards the posterior part of the body. 

FISHES, 

§ 237. Concerning this class it may be remarkedi that 
most of them possess an acute feeling on the abdomeiiy and 
in the lips^* analogousi perhaps, to the sense of touch. 

INSECTS* 

. $ 228« All the observations and investigations respecting 
' tiie Btrueture of the antennae, those peculiar oi^gans whicb 
exist universally in the moi^e perfect insects, and the use 
irhit^ these animals generally apply them to, leltd Us inetitably 
to the Gonclusioli, that they really are proper organs of touch ; 
by whi(ch the animal es^amines and explores surrounding ob-) 
}epts«f Such organs are particularly necessary to insects, cut 
tpopunt of the insensibility of their external coat, which is ge^ 
HfiuOy of a homy consistence ; and also from their eyes beinig 
4eMitut^ in most ioBtances, of the power of motion. 

VERMES, 

.' § S^« it seems more doubtful whether the tentaculaof se^ 
yetsl !^erme$, and particuliu*ly the arms of the cuttle-fish^ 
qim be considered as organs of touch, in the more linjited 
Wfioa/e to which we have confined that word«§ 

^ Lacepede, Histoire NaturelU des Poitions, torn. i. Uiscourie, p. 65. 

t See Lehmann Db Antennis Insec^orum, Diss. 1, 2. Lond. 17d9, 8vo. ; ahd^ 
Kaoid^s Neue Beytnge tvr Jmeetetdcunde, |»t. 1. Leipzig, ISOl, -Bto. p. 33/ 
Kandohr on the organs of touch in the bee in the Mag,_der BerUfier Natuif, frew^de^ 
1810, p. 287. 

f Baffon, BigUnre Nuturelle, torn, iii, p. 360, 

§ See Lel^mann De Seimbut extemis AnimaUum exsanguium^ Goetting. 1798« 
4U>^ p. 43. F. I, Schelver Venuek eimr Natwrgetehicte der Sinnetwerlaeage hey den 
Jnsecten und Wurmen^ Goeit. 1793, Ovo. p, 28 ; and Bn^amand, Tableau dee 
MoUutqm Terrestm tft FhumitUet de \m ffance, Bfenq^er, 18dl j Svo. p. 8. 
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CHAPTER XVIII. 



ON THE lONGUB. 



§ 230. We arc not justified in considering the tongue as an 
organ of taste in all animals, because it is subservient to that 
function in the buman subject, and in many other instances. 
We have already observed, that tliis organ, in many cases, 
merely serves for taking in the food ;* and it is at least very 
doubtful wlictber it possesses the sense of taste in several 
others. Yet, on the contrary, we should not he warranted in 
denying the existence of the sense in these animals, nor even 
in such as are entirely destitute of j^ tongue ; for this functioa 
may be exercised by other parts. I have seen an adult, and 
in other resiwcts well-formed man, who was born without a 
tongue. He could distinguish nevertheless very easily th» 
tastes of solutions of salt, sugar, and aloes, rubbed on bis 
palate, and would express the taste of each in writing. Why 
then may not those animals, which either have no tongue, or 
one not calculated for an organ of taste, possess this sense in 
some of the neighbouring parts t I cannot however agree 
with that ingenious anatomist Grew,+ when he considers the 
internal surface of the three first stomachy of the bisulca to 
be an organ of taste ; particularly since Wepfer and others 
have rem^rke^ the enjoyment which is connected with the se- 



* The lingual bone (os hymdes) of the three first classes of ajumals, varies accord- 
ing lo the different mettods in which they lake their food. Many excellent remirb 
on this subject may be seen in Fab. ab Aquapendente De Laryngt, p. 276 - and in 
Casserius De Ym'u Orgaiiis, with excellent delineations. 

t See his CotRponMivc Analams of Stomacla and Gutt, p. 26. 
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bond mastication of the food in ruminadng animab. Less, 
however^ can be concluded with any certainty d priori on this, 
than on any of the five senses. 



-t. 



MAMMALIA. 

§ ^$1.^ No animal possesses a tongue exactly like that of 
the human subject. The form of the organ differs consider* 
ably in the simile^ being longer and thinner ; an4 the papillae, 
"which cover its upper surface^ are very diffisrent. 

Thus^ the length of the tongue of the commonest kind of 
tailless ape^ {simia sylvanus) which now lies before mife, is thret 
times greater than its breadth. It has three papilke pe^ 
iiolata, or fungiformes, at its posterior part^ arranged in the 
form of a triangle. Before these, and along the two sides of 
the tongue^ are about two hundred papiUce obtus^B, appeasing 
iike while grains. These are not all of the same size ; but 
tiiey may be distinguished from the papilla eonic^p, which 
Cover- the rest of the tongue's superior surfece, much more 
eiunly than in the human tongue. : * 

' { SSS. Most of the herbivorous mammalia, particularly 
among the bisulca^ have their tongue covered with a firm and 
thick cuticular coat, called epithelium ; which forms number^ 
less pointed papillae directed backwards. These musi aBsist^ 
according to their consistence and direction, at least in the 
animals of this country, (Germany) in tearing up the grass* 
Animals of the catf kind have their tongue covered with 
sharp and strong prickles, which must enable the. animal to 
take a firm hold. Sunilar pointed processes. ar§ found^ in 
some other animak; as in tiie bcd-kin^X and the opossum. ^ 
' In the tongue of the opossum 1 hav^ foimd the centre of 



idmm 



* 

* See Reuter De lingua Mammdiium et Avium, Regiom. 1820. 
' i Daubenton, vol. ix. tab. 1$, of the panther j fig. 3 of the cat; tab. 22, fig, 2, 
^, of ihe lynx, 

t Ibid^voL z. fig. 15 of tht vampire,, 

Pallas, Spiciisg, vol. iii. tab. 2, fig* 5, 6, of the v^ipertiUo uphalotes. 
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Ac anterior extremity beset with strong papilksj rougher than 
those which are found in the cai. 

There seems to be no doubt, that in all the mammalia which 
are have now considered, the tongue is an organ of taste, at 
least towards its anterior part. 

The toothless animals, on the contrary, as the ant-eater and 
mams, which swallow their aliment whole, have a long worm- 
like tongue, which is obviously capable of no other use than 
that of taking their food. 

The tongue of a two-toed ant*eater, which I dissected, was 
three inches and a half long, and no larger than a crow-quill 
at its root. It was, generally speaking, cylindirical, but ougrk- 
ed with a scarcely perceptibly groove on its superior surface* 
Two very small foramina cceca were found near the root 
The lingual bone was strong, but not remarkably large, and 
ip shape Uke a horse-shoe. Its muscles, on the contrary, as 
the geniohyoidei, mylohyoidei, and particularly the gemoglossii 
wex« remarkably large and strong, 

'^ Am we are now considering the tongue n\ its office of assist^ 
ing in Unking in the food, this seems to be the proper place 
lor noticing the wormy as it is called, (Ijftta) of the dog's 
tongue^ . It Is a tendinous tiscicvdus of fibres running lengths 
mat under the toiigue, as far as its apex, and lying radier 
loose, in a kind of membranous sbeatbf without being connect- 
ed^ Hke a true tendon, to any of the neighbouring muscles* 
By an old prejudice, which has subsisted at leaat since die 
tiine of Pliny, its extirpation is consider^ as a preservative 
against hydrojdiobia-* Casserius thought that it assisted 
dogs in lapping up fluids in the peculiar way which they do; 
and hia opinion is supported by this circumstance, that an 
opossum, which I kept alive for some time^ and which took 
fluids in the same manner as dogs do, had a similar part under 
the tongue. 






* Concerning the stracture of this carious, and in some respects enigBiatleakl puV 
see Morgagrni De Sedibus a CausU Morbonm, torn. np. 67« Tenet. 176K. 
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BIRDS. 



1 283. AH birds possess a tongue, for even the pelican, 
{anoerotahts) in which its existence has been denied, possesses 
a inanifest rudiment of the organ. Probably, howerer, it 
sewes the purpose of an organ of taste in yery few genera* 
Yet this is the case with some predacious and swimming 
birds, as also with most of the psiiiaei; which possess a soft 
thick tongue covered with papillae, and moistened with a sali« 
yaary fluid ; they really taste different fluids, and soft kinds of 
£bod, and select that which is the most agreeable. 

§ S34. In several other birds, on the contrary, the tongue k 
homy, stiff, not supplied with nerves, and consequently unfit 
for an organ of taste. One striking example will supply the 
{dace of many. The tongue of the toucan (rafnphastos) is some^ 
times several inches in length, yet scarcely two lines broad at 
its root. It has the appearance, throughout, of a piece of 
whalebone ; and its margins are fibrous. 

§ 235. The form* and mechanism of the tongue vary much 
ia'the different genera and species of this class. Two ihstaix;ei| 
deserve particular notice ; that of the %DOodrpecJcer\ and the 
eoek of the woods. The tongue of the former bird is gene? 
raBy said to be very long, but it is not so. That part which 
corresponds to the tongue of other birds, is remarkably shor^ 
it is merely a sharp-pcnnted horny portion, with its sides 
barbed. Behind this is a very singular os hyoides, of a slen* 
der appearance, but having very long crura. It consists of 
five cartilaginous portions; vis. one single piece and twd 
pairs. In flie quiescent state of Ui^ organ Uie former lies ki 
a fleshy and very extensile sheath of the bill. The first pair 
of cartilages is articulated with this, and they are placed at 
the sides of the neck. The second pair, commencing from 

* See the plates in J. C, Schoeffeir's Elemavta Omithologica. Batisbon, 1774,' 
4to. , 

t Hvber I>« fingua Pioi erniits. Stattg. 1821; 
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these, run completely over the cranium, under tlie tntegu- 
inents, nnd advancing from behind, forwards, iheir converging 
extremities are placed together in a kind of groove, and com- 
monly terminate (interiorly, by an attachment to the right side 
of the upper jaw. This posterior pair of cartilages may 
therefore be compared to steel springs, which actuate itie 
whole organ. This is an elegant example of the great share 
which mere elasticity i>ossesses in the |)erfonnance of some 
functions of the animal economy. When the tongue is to be 
darted out, the anterior pieces are drawn together and enler 
the sheath of the single portion, extended for their reception. 
The tongue is thus elongated, and admits of being thrust out 
some inches.* 

The tongue of the cock of the woods is still more singular; 
that organ, together with the larynx, lies deep in the oesopha- 
gus, but admits of being quickly elevated and thrust forth by 
means of considerable musclcs.i- 



r % 236. We shall select a few examples of the chief varieties 
in this class of animals. 

. The erocodtfc's tongue (the very existence of which has been 
denied from the time of Herodotus down to Hasselquist) is 
^mall, possesses very little motion, and is in a. manner adhe- 
rent between the two sides of the lower jaw,| The salaman' 
der resembles this. A very different structure is presented in 
the curious tongue of the chameleon, the mechanism of which 
may be compared, in some respects, with that of the icood- 



" See Mery. in the M^mni™ de I'Aead. dts Scifnm, 1709. p. 85. Waller, id tlif 
Phitot. Trans, vol. "ii. p. 509 ; flud Wolf, in VoJgl's Magaiin, pt. 2, of the nen 
•erieg, p. 4G8. 

t Frisch, Vugil in Deulichlaad, Ub. 108. Schneider's Commtntary on the Ilariii 
of Fredtric II. tab. 2 ; and Gilibert, Mldecin Naturalistc Lyons, 18Q0, 8»o, p. 
304. 

t C. G. De Rhoec De Fide Htrodoti rile ttslimanda, in the Vtrbandelingca uu 
Tiytm twttdi GtnooUchap, pt. 7, p. 104. L. V. Hanimea Dt Btrniii, p. 105. 
Nouvetlei de la BepuMijut dei Lettrei, Oct. 1688, p. 1 125. 
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pecker* Yet its form is very different ; for the anterior extre- 
mity of the organ is club-shaped ; and is hollowed out on its. 
upper surface.* 

The tongue of some testudines is thickly covered on its an- 
terior margin with long fibrous papUlse.f 

The softy flaty and fleshy tongue of the frog, lies, in a quies* 
cent state, in a direction from before backwards. It b fimly 
attached behind tbe arch of the lower jaw, and its loose end is 
turned backwards, so that the semilunar notch of its anterior 
margin corresponds to the rima glottidis. They seize their 
prey by turning the tongue forwards, and thrusting it out of 
the mouth. 

The tongue of the chameleon displays a very curious mechanism. 
It is contained in a sheath at the lower part of tbe mouth, and has its 
extremity covered with a glutinous secretion. It admits of bein^ 
pi'ojected to the length of six inches, and is used in this manner by the 
animal in catching its food, which consists of flies, &c. It is darted 
from the mouth with wonderful celerity and precision, and the viscous 
secretion on its extremity entangles the small animals which constitute 
the food of the chameleon. ' 

§ 237. The tongue of the serpent is attached and situated in 
the same manner as in ihefrogyX but it is round and slender,' 
its apex is bifid, and the root rests in a kind of fleshy sheath, 
being capable of protrusion and retraction at pleasure.^ 

FISHES. 

§ S38. There is Uttle to be said concerning the tongue of 



* Besides the works which have been already quoted on the anatomy of thi^ ani- 
mal, see Hussem, in the Verhandelingen van de Maatschappye te Haarlem, vol. viii. 
pb 2, p. 228. Duvernoy, in the Bulletin de la Soc, Philom, torn, iii.; and Miller, 
Jeones Animal, et Plantar, tab. 2. ' 

t I have observed this in the testudo grcpca from Mogadore. The form of the os 
hyoides in the testudinesmay.be seen in Caldesi,.tab.-'8. . ^ ' 

% Seetzen, in Meyer's Zoologisch Archiv, pt. 2, p. 65. 

$ Abbild, Naturhistorisch. Gegenstiinde, pt. 4, tab. 37, in the boa and rattle-mahe. 
The carious os hyoides of serpents, with two cartilaginous portions running along the 
trachea, is represented by Tyson, Pkihs, Trans, vol. xiii. p. 68, fig. 5. 
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this and the two following classes. It is doubtful whether it 
be an cwgan of taste, and in what degree it may serve that 
purpose.* 

It appears at least in fishes to possess no manifest papillfD,+ 
and in many of this class is covered with teeth. 

That which is commonly called the tongue, in some fishes, 
n> (he carp, is a glandular body attached to the palate, and 
extremely urritahle in the living anirnalj 

INSECTS. 

5 239. The organ which is commonly considered as the 
tongue of insects § merely serves for taking in the food.|| But 
the accurate observations of professor Knoch,! render it very 
probable that the posterior pair of palpi, or feelers, possesses 
the power of taste in several of this class. 



§ S40. In the mouth of some moUusca,** and snails, an 
organ is found, which has generally, from its situation, been 
taken for the tongue. But none of the observations which 
have been hitherto adduced respecting its functions, are suffi- 
ciently detusive to jusUfy us in setting it down as an organ of 



• See DumEril, MlBmra de Zoologie « de J'^natomw cmnparit. Par, 1807. 

t Loieuiini's Oti«niaii>ni lalU Tarpedini, p. 41. 

J Obierval, Colltg, pnvaU AnMtlad. vol. i. p. W. 

$ Schelver, loco citato, p. 39. A. W. Knock, Nine Beytrdge mr InsecteHhunii, 
pt. 1, 1801, 8vo, p. 40, tab. 1, fig. 3D, in which Oi« toi^e of the Miy.beetle ((uni* 
boui wuloUnilha) is represeated. 

H Loe. cil. p. 32, tab. 1, fig. 9, of the tcarabotu Friicliii; tab. 8, 6g. 4, of tb« 

H Swammeidam, at the cuttU-fisk, p. 882, tub. 50, fig. 4, 5, 
** Of the Iittii pirmatia, ibid. p. 109, tab. 5, Gg. 3. 
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CHAPTER XIX. 



ON THE ORGAN OF SMELLING. 



§ .^1. The sense of smelling prevails much more extensively 
in the animal kingdom than that of taste, since it not only as- 
aists several genera in selecting their food, which they have 
Act afterwards the power of tasting, but is also of service in 
finding out proper objects for the satis&ction of their sexual 
appetite* Yet there is much doubt respecting the organs of 
this sense in the two classes of white-blooded animals. 

* • • • « 

§ 043.* We can determine the degree of acuteness of this 
sense by the inspection of the cranium in the four-footed 
maaunalia, (taking the term in its most extensive sense, iii 
'Whkh it will include the quadrumana and bats). Three cir« 
^utnstances principaUy determine our judgment on this point;. 
^ 1st, The structure of the ethmoid bone, and particularij^ 
the number and arrangement of those openings in its superior 
or horizontal lamina, which transmit the filaments of the ol&c- 
iory nerve. 2ndly, The formation of the inferior conch® nai 
rium, or turbinated bones. Srdly, The existence and relaliVe 
magnitude of those caidties of the internal nose, particidariy 
the frontal sinuses, which contribute to the organ of smelling. 

§ 243. The hedgehog and mofe, the animals of the weeuel, 
bear^ dog, and cai-kinds, most of the bisuica, and the elephant, 
afford examples of a very complicated formation of the ethmoid 
bone, both in regard to the elegant structure of its cribriform 

. * F. C. Rosenthal, Diss, de Organo Otfactus quorundam Animalium, Jena, 1802, 
4to ; and Gryphia, 1807. 
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Ittinvlla, and to llie wonderful convolutions of its turbinated 
portions which jtrocurc as large a surface as possible within 
the confined space of the nasal cavity, for the application of 
the Sehncidcrinn membrane. All tliese animals are well known 
for the rcmnrkitble acutencss of their sense of smelling. 

The elbmoiil bone is remarkably narrow, and imperfectly 
developed in most of the quadrumana. As there is not suffi- 
cient space left for it between the orbits, which lie close toge- 
gether, (| 21)* it is placed deeper in the nose, so that the ol- 
factory nerves descend between the orbital portions of the 
fronlal bone, as in a canal, the bottom of which is formed by 
the cribriform lamella, small and inconsiderable, and perfo- 
rated by few apertures.f 

The celacea have no ethmoid bone ; and it is a matter 
of doubt what pair of nerves contribute to the function of 
smelling. 

At the time when the author first publisLed this work, he, as 
well as other zootomieis, believed that the cetaceous animals had do 
oUactory nerves. Blainville and Jacobson, however, believe t)iit 
dtey have found them in the dolphin {dclphinus delphU) altiiatediii 
tfie same part of the brain aa in the human subject. See the BuUetm 
de la Socie'e Pliilom. 1B15, p. 19j. Treviranus has also delineated 
and described them in his biologic, vol, v. p. 342 ; but Otto and Ru- 
dolphi, who have had frequent opportunities of examining the brain 
of dolphins and Greenland uiliales, have not been able to detect the 
first pair, and doubt their existence in those animals. 

I 244. The concha narium iiiferiores are more or less con- 
voluted, in proportion to the greater or less complication in 
the structure of the upper ones. They are remarkably large 
in the bisulca ; % and much convoluted in most of the preda- 

• In iha skull of a cercapilheaa capucinus in my possession, the partition betwecD 
the two orbits, which space in the human cranium is filled by the ethmckid cells, and 
■upeiiiir lurbinaled bor.es, contains a large opening, which in the recent slate na 
probably closed by a poilion of peKosleum. 

t Joseph:, Analtmie der SHugtthiere, vol. i, p. 179, &c. 

I See Caspar Baitholia, Analecta Observationum, in his Speeimen Hutoriie AnaUi- 
TnicT, tab. 3, fig. 3, 4, of the sheep; and Morand, in the flWm, de I'Acad. in 
Sciincei, nn 1724, tab. 24, of the or. Sir B. Harwood'a ,Sj/it«m of comparaHtt 
Amaomy. Camb. 1796. 
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cious animals.* They are both large and wonderfully com- 
plicated in the seal. 

§ 245. The frontal sinuses of the elephant t are larger 
than those of any other animal ; the pig, which has ah toUte* 
sense of smelling, comes next in order in this respect. I have 
considered, in a more detailed manner, the structure of these 
cavities in several genera and species of the different orders of 
mammalia in my Prolusio de Sinubus FtontalibuSf Goettihg. 
1779, 4to., where I have endeavoured to show, from compara^ 
tive anatomy, that their use is to strengthen the sense of 
smelling, and that they are not subservient to the formation of 
the voice. Most of the mammalia, which possess proper 
horns, have these cavities extending more or less into thqse 
processes of the frontal bone, on which the horns are formed^ 
this structure is particularly observable in the wUdgoat {copra 
ibex). They are generally large in the bisulcaf the soUdun^ 
gula, and in most of the carnivorous mammalia. They are 
absent on the contrary in the seal, in most of the rodentia^ 
and the cetacea. They receive in the sheep, as is well known, 
the larvae, of the oestrus ovis ; and cases are not very uncom- 
mon in which other insects, particularly the scolopendra elec^ 
tricaf have accidentally gained admission into them in the ha<^ 
man subject, and have caused distressing ^nd tedious symp^ 
toms. 

§ 346. The anomalous structure of the elephants probosds, 
or trunk, and the.blowing-holes of the cetacea, must be no- 
ticed here, as these parts constitute prolongations and external 
openings of the nose. 

' The former organ consists of two canals, separated from 
each other by an intervening partition. Innumerable inuscu- 
kur fasciculi, running in two directions, occupy %he s][)4ce be- 
tween these and the integuments. There are fibres of a 
transverse course, passing like radii from the canals to th^ in- 

t r » ■ « 111*1 I I 1 ir I ■ I ■ ■ ■ 

* Casp. Biarth(^, loco citato, fig. 5, 6, of (he hound (earns venatieut), 
t Stukely, id his HlO^nt of th$ Spleen,, p. 101, tab. 5, fig. 2» 

T 
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teguments ; * anil others, which run in a more longitudinal di- 
rection, but Iiiive their extremities lurned inwards.t The 
former extend the trunk without causing any contraction nf 
the canals, the latter bend or contract it, and both tend to 
bestotr on it that wonderful mobility which it possesses in every 
direction. 

The blowing hole of the cetacea is not a peculiar organ, 
distinct from the nasal openings, as several naturalists have 
imagined, but one and the same with these.} It does not, 
however, seem to be designed for an organ of smelling, but 
merely to be subservient to respiration, and to the expulsion 
of the water which enters the mouth with the food.§ 

Cuvier lifts given a more detailed description of the elephant's trund 
in tJie last vol. of his Legom d'Anat, coni/t. p. 283 — 289; and has also 
repreaentcd the part in the 29th plate of the same volume. 

The more longitudinal fibres are divided at short intervals by ten- 
dinous intersections, which enable the animal lo bend any part of tlie 
organ, and to give it any requisite degree of curvature. The same 
Structure will confer a power of bending different parts of the trunk 
ID opposite directions ; indeed there is no kind of curvature which 
may not be produced by these longitudinal fibres. These fesciculi 
occupy the external surface of the organ. The transverse fibrea are 
not all arranged like radii round the canals ; but some pass across 
firom right to left, and must therefore aSect the diameter of those 
tubes by their action. The whole of these muscular fasciculi are 
surrounded and connected together by a white, uniform, adipose 
substance. The transverse ones ate not more than a line in thick- 
ness. If the number of these, which appear on a. transverse section, 
be ascertained ; and if those portions of the longitudinal fasciculi, 
which pass from one tendon to another, be reckoned as separate 
muscles, (for they must have a separate power of action] the wbcde 
trunk will contain about thirty or forty thousand muscles, which will 
account satisfactorily for the wonderfiJ variety of motions which this 
admirable organ can execute, and for the great power which it is ca- 
pable of exerting. 

The blovring-hole of the whale serves as well for respiration as 



* Biit.dtiARimaiix, tom.iu.Ub. 23, fig. 9; Stakely, be eit. tab. 1, fig. 2. 
t Hia. da Animaux, lee. cit. Stukely, tab. 5, fig. 1. 

t Thii hu been correctly italed b; Tyson, in bit Anatamt) of a Parpoue, tab. i. 
^. B, 9. 
i Cuvier, in the JILi^in Encyclaptdi^, an 3. ton. ii. p. 299. 
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£6t the fejection of the water which enteri with their food. In con- 
se^uenee of its situation at the top of the head, it is eaidly elevated 
beyond the sur&ce of the sea^ while the mouth is nsually enthelf itiH 
der water. 

The opening in the bones of the head is divided into two by a |Mlf^ 
dtion of hoaef and is furnished with a valve opening outwards. On 
the outside of this opening are two n^enibranous bags, lined with a 
con^uation of the integuments, and opening externally. The wa- 
U/t whkh die animal wishes to discharge is thrown into the &tiiceS| 
as M'it were to be swallowed, but its descent into the stotturdh iif pre^ 
▼enfted hf the contraction of the circular fibres of the Mophagns« It 
th^nefore elevates the valve placed at the entrance of the blowing^ 
holes, and distends the membranous bag, from which it is forcibly 
espgU^ by surrounding muscular fibres. 

TUs apparatus occupies the situation which, in other mammalia, is 
filledt by the nose, which organ, together with the sinuses of the headi 
the olfiK^tiMry nerve, &c. is entirely wanting in these animals. 

BIRDS. 

^ £47. The nostrils open in the several genera o( this class 
in yery different parts of the upper mandible ; in some, as the 
ptfffin, {alca arctica) the openings are placed at the marguis 
ct the bin, and are so small, that they might be easily over* 
looked. This may serve as an excuse for the erroneous re- 
presentation of Buffon^ that several birds are entirely unprofi 
Tided with nostrils, and that they smell by means of the pala-» 
tine openings of the nasal cavity.^ 

I 048. Birds have no proper ethmoid bone ; their olfactory 
nerves pass through the orbits to the nose, and are distributed 
on the pituitary membrane, which covers two or three pairs of 
1x>ny,t or cartilaginous;}^ conchss narium (fiuUcB turbinate or 
imbulake vesica)% of various fonns and sizes.|| 

The olfiurtory nerve of birds comes off from the anterior extremity 



. * MUtain det Oiteaux, torn, i p. 13. 
t The crane has very large turbinated bones. 
% This is the caw in the toucan (rttmphaMtot)^ 

§ They are excellently described- under this name by- Schnddier'De Om bribri 
/iirml, p; 180. 

I See Scarpa's represent&tioh of the tkerve's of the nbs^l in the'gvo^, fuf%^ add 
heron, Be Audita et OlfactUt tab. 3. 

T 2 
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of Uie fronul lobe of the brain, and has, therefore, some analog; 
Willi the proccMUs niainillaris of quadrupeds. It passes along a ca- 
nal to the nose, and is distribntcd in a very beautiful and distinct 
mannrr on the pituitary membrane in many instances, as in the 
crane. 

AHFUIBIA. 

% 240. Tlie organ of amelling is less clearly developed b 
this class of animab. Yet we discover two cartilaginous emi- 
nences, which may be compared to the conchce of warm- 
blooded animals.* 

The origin and course of this nerve are mucli the same in reptiles 
as in birds. In the turtle it is a large, strong, and fibrous nerve, and 
its ramilications in the nose are easily traced. 



^ 250. Most of these seem to have double nostrils on each 
aide, for the openings aie furnished with a valve-like moveable 
membrane, which appears like a partition. It was formerly 
supposed, that this part served also for the organ of hearing 
in fishes ; and this erroneous opinion has been revived even 
in modern times, but it cannot be necessary to refute such an 
absurdity now. 

I SSI. Behind these openings is generally found, instead of 
conchse narium, a very elegantly plaited membrane, disposed 
in semicircular folds, and having the olfactory nerves distri- 
buted on itt 

INSECTS. 
^ 252. Numerous facts have long ago proved that several 



* Scarpa, tab. S, in ft turtU and nptr. 

t See repreuQtationa of this part in the nria clavaUi, by Scarpa, tab, 1 , li;. 2 ; in 
the Aaie, (jaia batii) bj.Harwood, tab, 7 ; in the ihark, bj Stenonis, in bis Sptci- 
■un Myol^ix, tab. 7, fig. I ; in the tqaalia catuha, by Scarpa, tab. 2, £g. 6, ^ ; 
in tbe Jrog-JUh, (loplaiu pueatmut) ibid, tlib. 1, fig. 3 ; in the pUit, by Caaseiius, 
Dt ^udiiuj Orgmu, tab. 12 ; by CiaipeT, in his KUine SehH/Un, pt. 2, tab. 2, ig- 
1 ; Scarpa, tab. 2, fig. 1, Sj and HarwiMd, tab, S, fig. 4; in the carp, ibid. tib. 
2, fig. 4, 6. 
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insects can dbtinguish the odorous properties of bodies even 
at considerable distances. But the organ in which this sense 
resides has not hitherto been clearly pointed out.* 

Since all red-blooded terrestrial animals smell only through 
:the medium of the air, which they take in in insjHration, seve- 
ral naturalists have supposed, that the stigmata of insects are 
to be considered as organs of smelling.t Others ascribe this 
office, and with some probability, to the anterior pair of 
palpi.;}: 

VERMES. 

• . - ... 

-v. §253. Severa animals of this class appear to have the 
sense of smelling, as many land-snails {heU^ptkritHiafi &c.). 
But the organ of this sense is hitherto unknown; perhaps it 
may be the. stigma thoracicum. 

I ■ I " I ■ " ' 1 I ■ ■ » fi ^ I— I .1 11 11 f MB n »l| I ■ II 

^ Some&taclied remaiks:oii.the organ of smi^iDg, in partMsitlaT fishes, are given 
by M^iga^i in his Epia. AnaU p. 350. Padua, 1764, fol. 

. . ^.Rosenthal, ubtrden Geruchsinn der Jntecten im Arehiv, fur PhfdotofU, p, 497. 
Ramdohr, uber die Organe des Geruchs der gememen Btrnte, in the M^g- dtr 
Berlin. In. Gesell. vol. v. p. 386. 

t This was the opinion of S. Reimarus, uber die Tribe der Tfnere, p. 306, ed. 
drd. See also Pumeril^ in the Mdgatiin Encyclopedigue, an 3, torn. ii« p. 435. 

• 4 booh, in his Be^ftrSge mr Jmectenkunde, p. 32, tab* 1, fig* 8'; and tab. 8, 
£g. 3, of the tcfrabaut Jrisehii, and earatnu unieohr, 

i Swammerdam, p. 110* 



CHAPTER XX. 



OH TUB ORQAN OF HEARING. 



^ a54. We Rhould naturally expect to find an organ of hear- 
ing in most claaus of animals,* when we consider the vaiiom 
services which this sense performs ; as, that of indicating the 
approach of danger, of conducting predacious animals to theit 
prey, and of bringing the two aexes together for the purpose 
of copulation, &c. Red-blooded animals, without any excep- 
tion, possess this organ. Analogous parts are found in some 
of the white-blooded ; and several others certainly can hear, 
altliough the organ of that sense has not been hitherto ascer- 
tained. 

MAHUALIA. 

) S55. The four-footed manunalia are the only ammsls 
which possess true external ears ; and, even m that daas, se- 
veral instances occur in which these pacts are wanting; parti- 
cularly among such as live in the water, or under ground. 

* Tbe lollowing works may he consulted for an account of the oq^ oT heuing 
in ihe different claiaes of animals. 

Cauthua De Vodt Audirusqus Organii. Feirara, 1600, foL (The put icJMiif 
to the ear is also cootained in his Pentailheseion,') 

Perrault, Eaaii dt Phgaqat, lorn, iL 

Geoffrey <ur VOrgant dt I'Ouu, &c. Amsteid. 1788. 

Scarpa Jit Audilu et Otfactu. 

CompaMlti, Oif^nulionM Anutomiat de Aun iiOema tamparata. Patav. 1789-<- 

Manio'i IkTtt Trtatuti on tht Brian, tyt, and Ear. Edin. 1797-4. 

Home, in ibe Fhiloi. Tram. 1800, pi. I. 

Pohl, Sxpoiitia Anatimica Orpmi aaditut fer ctatta Animaliam, Vindebon. I8IB. 

Weber Dt oure it audita Hominii t Animalinm. Leip^ 1820. 
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They aire not met utrith, for instsnce, in most of the seabg in 
the walruSi manaii, duci-'bitted animal, (prmthorhjfuckus) and 
mole. On the contrary, some hare been said to want exter- 
nal ears, vho really possess them, as the marmoia or mus cM£- 
hu^ Another error has been committed, in representing the 
ears of a species of bat belonging to thb country, (Grermany) 
(^9pertiU6 auritus) as double : whereas they are only of an 
immense size. Still more erroneous is an observation d 
Haller ; that these ears are to be considered as an accidental 
iBonstrbsity. The essential parts of the external ear agree on 
the whole with those of the human subject ;* but their general 
ftmt is subject to great variety. In very few, except the 
gtutdrumanaf do they resemble those of man ;. but this is the 
case in the porcupine. The cartilage is stronger, and mcure 
dosfie ill ita structure in the human ear than in that of any 
other anitiial, in proportion to its sise. In some instances, ak 
kk the opossum, {didelphis marsupidUs) the ears are merely 
m<^mbranous. 

§256. The external auditory passage is furnished with d 
valve in such animals as go frequently into the water, by 
whkh diey can close it when they dive. The water*shrew 
(sorex fodiens) affords an example of this structure. The 
laogth, breadth, and direction of the meatus vaty considerably 
in the different genera. It is very long and singularly tortu- 
ous in the duohbilled €mimaLf 

The cetacea are the only mammalia which have not a hoiiy exter- 
1^ meatns. The tube is cartilaginous in these animals, and so smaH 
that its ext^al orifice will about admit a pin in the dolphin. It ar* 
n[ves at the tympanum after a winding course through the fat, which 
lies under the skin. It is probable that the sound gains admission to 
the ear in these animals, rather through the £ustd6hian tube than 
through this very narrow meatus externus. That tube opens at the 
blowing hole, and is furnished with a valve that prevents the admis- 
sion of the water, which the animal expels dirottgn this openilig. 

§ 257. It is hardly necessary t6 state, that all lAammalia 



* The MnUus of the external ear however is found in no animal bat man« 
t HoBa«, in the PhUm. IVonf, 1802, pt. 1, p^ 70. 






JiMve a mentbratut tympani, a tympanum situated within this, 
and an Etutachian tube passing from that cavity to the 
fauces ; pxc«|)t in the cetacea, where it opens in the blowing 
-hole. Tlie mumbrane is rather concave on its outer surface, 
being slightly depressed in the middle. All the animals of 
this clasa arc furnished with the two fenatree ; the fenestra 
ovalia, which is filled by the base of the slapes ; the fenestra 
rotunda, at which the scala tympani of the cochlea com- 
luences. 

^ ^58. In the horse and ats the Eustachian tube does not 
open immediately into the larynx; but into a sac peculiar to 
this class of animals, which is situated on the lateral parts of 
ihc lower jaw. These cavities then open by a long fissure, 
provided with a cartilaginous valve, into the pharynx. Have- 
mann found, in a horse fourteen years old, the cavity of the 
lefl side twice its natural size, forming a considerable tumour 
externally, and containing, besides a good deal of «liite 
mucus, 136 cartilaginous concretions, of about the size of a 
hazel-nut.* 

§ £59. In most of the four-footed mammalia, there is coiit 
nected with the tympanum another cavity ; which, according 
to the situation of the bony organ that contuns it, must be 
compared to the mastoid cells in the temporal bone of man.t 

In several animals this organ forms a mere bony cavity, 
{bulla ossea) viz. in the dog, cat, martin, squirrel, hare, and 
some of the bisulca. Partial development of this structure is 
to be seen in the cercopitheci. In the homed cattle, on the 
contrary, and in the pig, the cavity is divided into cells by nu- 
merous bony plates, which somewhat resemble the divisions in 
a ripe poppy head.| 



* Boni^elal, Eiimerudt PArt u 

Rudolplii, Rmebrintrhaigtii, vol. i. p. 77, vol. ii. p. 220. 

Vibarg, Sammluag am Abkandl, Jiir Thierarttt wid Ockanomtn, p. 240. 

t Sominerlierf , however, denies that the cavity cut be so comptired, ind conaden 
the bulla ouea & part of the eilemal meatus. See hia QuoMio Ph^alogia tpia M 
fuaiii tit tmitcvlonanim famam dXMni niiilaniji. Load. 1801. 

t \ti»i!aAmatmatvmFidl^OimMliianftmnmim. Vaaet. 1764, 4to. p.30. 
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: I 260. Warm-blooded quadrupeds have, like the human 
subject, three* ossicula audiius ; which on the whole resemble 
in form those of man. But the ducJced-lriUed animal^ whose 
structure in every respect is so anomalous, has only two \\ and 
on the contrary, one or two additional small bones are occa- 
tonally found, particularly in some btsulca.% 

i - 

The following is the passage to which the author refers as express- 
ing his opinion on this subject. ** Anatomists generally describe a 
fourth bone (the Unticulvs, or os orbicvlare) as intervening between the 
long leg of the incus and the head of the stapes. Repeated and accu- 
rate examinations have convinced me that this part is only an epiphy- 
sis of the incus. It is often wanting, even in such ossicula auditus as 
appear in other respects to be of the most perfect formation ; for in- 
stance, in those of neffroes and North American savages, which I 
Jiave now before me. When it exists in the adult subject, it can only 
be separated by the employment of some force ; and a microscopi- 
*Cfd examination of the surfaces shews that the lenticulus has been 
broken from the incus. Sometimes, indeed, I have found a. really 
'separate ossiculum between the incus and stapes ; but this cannot, in 
my opinion, be considered as belonging to the ordinary natural 
structure* any more than those .other supernumerary ossicula, whidi 
are found not unfrequently both in roan and animals.** Beichreibung 
dar.Knochenf ^. 144. 

Cuvier describes a portion of bone as passing between the crura 
of the stapes, from one side of the fenestra ovalis to the other, in the 
moie and' marmot^ (in which last animal it is of considerable sire). 
JLeqom d'4^(U. comp, p. 489, tom. ii. Mr. Carlisle .has represented 
this part in the marmot, and he states its existence likewise in the 
guinea pig. (Philos. Trans. lS05f ]^U 2.) 

Cuvier has also found that the stapes is nearly solid in the ceiu^ 
cea ; and that there is no perforation in the walrus. This peculiarity 
of structure seems to belong to such miammalia as live in water ; for 
the seal has it in a smaller degree. Legons d*Anat. comp. tom, ii. p. 



- *■ That tiie UKiicuhu, or fourth bone, is only a process of the incus, I ha^e already 
|(hewn in my GesehieU und Betch. der Knoehm da MenteK Korpers, p. 165. 
' See Sir A. Carlisle's excellent paper on the physiology of the stapes, in the Phii. 
Trans. 1805. 

.f Home» locoeiuao. 

I AdBV, in Cowper's Myotomia reformata. - Lon4. 1^4> 8vo. p. 70, fig. 9. 

Teichfney^y Vindki4g guorundam Inventonm 4s ^* y y W " *"** Jenas, 1727-4^ 
fig. 6. 
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Wft. Carlbl«, /oc. cifo/. give* drawings of the stapes in these ud- 
mals. 

The second ossiculum of tlie omilhorfiynclfus approaches terj 
much in its form to the single hone of birds. (Carlisle, loc. nil.) 

\ 261. The part wliicli ia termed the labyrinth of the ear, 
as far ax it lius b«ea hitherto investigated in the four-footed 
tnaniiudlia, »eeins to agree on the whole, in its essential pointSi 
with that of the human subject. But the cochlea (which be- 
longs inilocd cxclu»lvcly to this clnsa) has in some cases a turn 
more than In man \ not to mention other differences of lesi 
importance.* 

I 2f>'^. In addition to what has been observed respecting 
tl;c UuHtachian tube of the celacea, some other parts of the 
organ of hearing exhibit such peculiarity in these animals, 
ami deviate so widely from those of warm-blooded quadrupeds, 
that they rc<]Utre particular notice.^ 

Their want of external ear is well known. Tlie opening of 
the meatus is remarkably small. The bony part of the organ 
U loosely connected to the skull in the dolphin and porpoise; 
and it is completely separate in the proper whales (baUEna) 
and cachalot {phijseler). 

The hard bony substance, which was formerly very enoiie- 
ously called lapis manali or iiburonis, is merely the tympanum 
and btMa ostea of the whale. 

The ossicula auditus, and the labyrinth, particulariy the 
bouy canals, {canales semieireulares) which for this very rea- 
son were long overlooked, are remarkably small in the ce- 
tacea. 



* The reader nuj cooiult on this subject the followii^ warki, besides tbou whicb 
have been already referred to. Scarpa Ht Slmdura Ftntttnt rvtundir Jun. 
Mutin. 1777. 3va. p. 94, P. F. Meckel Dt Lahynntla Aiaii Ceniaitu. AiginL 
1774, 

f On the organ of hearing in the true whale, (ial«na) lee Camper's Elart 
Schrifttii, voL ii. pi 1 . In the ^/trmacoi mhaU, (pAjiHl er) ibid, vol, i. pt. 2. In tbe 
iMpbi'i, Idtlphtnut iklphu) Klein, Hist Nat PiKimn, pt I, p. 29, tab. 5, %. 1-4, 
aadT-9. In the porpoiae, (dtlpMmu pliiK<tna) tni Mi^n, JdiOittfaTltrmTn^im, 
&c. Ub. 6, 6, and hil PbytioAi^ / Fiiha, tab, 36. 
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BIRDS. 

§ 263. This whole class,* as well as the following ones, has 
BO cartilaginous external ear, which belongs, therefore, exdu- 
flively to the mammalia. This apparent deficiency is com- 
pensated in birds, particularly in those of the rapacious kind, 
hf the regular arrangement of the feathers round the open- 
ing of the meatus. Several also, chiefly of the last mat- 
Hcmed class, and particularly among the awls, have a pecvdiar 
r$ife placed at the opening, partly of a membranous, partly 
4if a muscular structure.^ 

} 864< The membrana iytnpani of birds is> conrex on its 
outer surface ; and the tympana of the two ears are con- 
flMled together by the air-cells of the cranium. j; 

They have a single ossiculum audHus, connecting the mem* 
brana tympani with the fenestra ovalis, and consequently sup* 
pfyiiig the place of the malleus and stapes of the mammalia, 
- The part corresponding to the malleus, is generaSy cartila- 
ginous, and not provided with any tensor tympani. 
' The Eustachian tubes have a kind of common opening on 
th6 arch of the palate^ 

§ 265. The labyrinth is distinguished by large canals, pro^ 
jecting irom the cranium, and not hollowed out of a hard bony 
substance, as in most mammalia, and by the want of cochlea^ 
liMead of the last*mentioned part, birds<have a short, obtuse, 
and hollow bony process, passing obliquely backwards from 
the vestibulum ; and divided by a partition^ like the cochleat of 
mammalia, into two scake, one of which terminates at the fe- 



* On the organ of hearing in this class, see Allen Moulins, in the Philot, Trant. 
Vol. xvu. p. 712. Vidq cPAzyr, is the MSm, ds VAcad, det SeUnces, 1778, p. ftSl. 
Scarpa De Structura Fenistns rotunda Auris, p. 101» and Di Auditu* Galyani^ in 
the Qfmmen. ItuHu Bowm, torn. vi. p. 420.. Coxnparetti,.ta|). 2.. Qf the ftreda- 
eiout birds, the domestic fowl, and the sparrow, 

t Kkin* StemnuUa Avium, tab, IQ^ fig. 2« Comparetti, tab. 2, %• 2, be omr, 
pares this part to the oonohaof the human oar. 

I Sir i;. Home has obser^ the pami^ kind of oomnonieation^ bjr the nraM of ' 
the cella of the cranium, in the elephant. 



Sot ON THE 0R6AM OF BEAHINO. 

nestTA rotunda. This part receives a portion of the auditory 
nerro as the cochlea does. 



{ 266. The difTcrent orders and genera of this class* exhi- 
bit greater »ariety in the structure of the organ of hearing 
than the two former, or the following class. Hence the prin- 
cipal variations must be separately considered. 

% 2fi7. Turtles, frogs, and most species of the lixard Itiotl, 
possess, besides semicircular canals, a tympanum and Eusta- 
chian tube, like warm-blooded animals. Both the latter 
parts, however, as well as the ossicula auditus, are wanting in 
the salamander. 

The membrana lympani of the turtle resembles a mass of 
cartilage, and is covered externally by the common integu- 
ments. Their single ossiculum resembles that of birds. 

Frogs have a large membrana tympani exposed to view on 
the surface of the body ; a wide opening of their short Eusta- 
chian tube at the fauces; two cartilaginous ossicula; and a 
rudiment in the vestibulum of those soft stony substances, 
whicli are found in ii more conspicuous form in the Ihards 
and lerpatU, and in the three following classes. 

The crocodile is the only instance in which there is a sort 
of external meatus in the class amphibia. This animal, as 
well as the lixards, possesses ossicula, and the above-men- 
tioned stony concretions in the vestibulum. 

The want of tympanum in the salamander has been al- 
ready mentioned. The foramen ovale in this animal is merely 
closed by a portion of cartilage, and the vestibulum contiuns 
a soft stone. 

^ S68. The serpents, with a very few exceptions, as the 

' Id the Tth vol. of ibe C«ntm«nt. Iiutit. Bonim. Bninelli hu described tad de- 
lineated the Digun of heaiiDg in the tuhU, tortaiit,jTag, liunli, and lerpaiu, Com- 
piretti hu also eihibited fi;;nm of thc«e genera Ud oidm, tab. 2, fig. 1 3-3S ; and 
Scarpa Lai giren moat beautifal cngniviiigg of th« Etif in IIm Cuttle. cracodiU, gnai 
iiurd, latanvtiuitr, viper, KDd bU»d-toorm, De JuAttt, lab. 5. See also Monn, oa 
tbe turtle, in th« Phynolngt/ qf Fiihv. 
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bHnd-wohn,^ {anguis fragilis) have neither tympanum nor 
Eustachian tube. They have a kind of rudiment of ossiculum. 

FISHES. 

§ 269. It is only in some genera of cartilaginous fishes, vis. 
the skaie and sharks and lafnpreySy that a tubular appendix of 
the vestibulum is continued backwards and outwards, so as to 
represent a rudiment of a tympanum. 

§ 270. Much light has lately been thrown on the organ of 
hearing, in the bony fishes by Professor Weber.t^ They pos* 
seas near the anterior cervical vertebras considerable ossicula, 
which may be compared to the malleus, incus, and stapes; 
and in lliose which are provided with a swimming bladder, 
diese bones are so connected with that organ as to render it 
probable that it is auxiliary to the sense of hearing. * 

§ 271. Their internal ear consists of three large canals, 
which are- generally seen to project into the cavity of the 
cranium, j: Opposite to the termination of the auditory nerves 
miydie vestibulum, one, two, or three .neatly formed stopes 
are £E>und« These are as white as porcelain,, particularly in 
several of the bony fishes, and very dry and brittle in their 
texture. § 

$ 272. The internal ear of fishes is distinguished from that 
of the other threfe classes of red-blooded animals^ 'b^ this 
remarkable peculiarity, that it grows as the flsh'increadea in 
ftize, and consequently that its magnitude is in the direct 
ratio of the bulk and age of the animal. 



. ■ ^ !■ 



* Scarpa, loco eittko, p. 26. 
' t Web^r, in the work above cited» p. 28. . . 

i Se^ Klein, Mantiua Ichthyologieg^ lips. 1746, 4to. 

Kinieuter, in the Nov, Comment. Acad* Petrop, UNPfti xvii. p, 521. Of the sturgeon 
and bdnga (adpenter gturio and huso}* 

Camper's KUine Schriften, voL i pt. 2, tab^ 2, of the ood ; vol. ii. pt 2, tab. 1-9 
of the firog-fish, (kphUu jntcatorius) pike, and skate. 

The ocgan is delineated in several fishes, in the work pf Comparetti, tab. 3 ; in 
Scarpa, tab. 1, 2, 4 ; and in Monro's two works. See also J^ Hunter's Obtcrvations 
on the Animal Economy, p. 60. ■ 

$ Klein, Hitt. Piiciwn, pt. \, tab. 2. 
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The membranous cnnala aiid vestibulum of the amplubia and 
Gahtx are much Rinallcr tlian the bony or cartilaginous cavitieB in 
which the; reside. Hence these parts can be discerned and demon- 
•trated much more easily in these animals than in mammaha and 
birds, where ihey are closely surrounded by the bone. 



§ 273. There is no doubt lliat several insects possess the 
sense of hearing ;• but the organ of this sense is very uncer- 
twn. In some of the larger animals of the genus cancer, a 
part can be distinguished, wliicli seems to be analogous to the 
restibulum of the former classes-f A small bony tuhe i> 
found on each side at the root of the palpi : its extern^ 
opening is closed by a firm membrane ; and it contains a 
membranous lining, on which a nerve, arising from a common 
branch with that of antenna?, is expanded. The latter cir- 
cmnstance might favour an opinion that the antennae them- 
selves are organs of hearing; but this is refuted by considering 
tlie exquisite sense of hearing which some insects possess which 
have no true antennie, as the spiders ; and by experiments on 
others, which shew that the sense of hearing is not weakened 
"bj removing the antennae, j; 



{ 374. In the septie only has any thing been hitherto disco- 
vered at all like an organ of hearing. In the cartilaginous 
ring, to which the large tentacula of the animal are affixed, 
two oval cavities appear. In each of these is a small bag, 
containing a bony substance, and receiving the termination of 
nerves, like those of the vcstibulum in fishes.^ 

* Sec the works or LehmiDU and Sch«lver, which I have already often qooted. 

t P. A. Minasi, Dimrtaiiont tofra wrii faiti nunc wDii dtUa Staria NiOwraU. 
Nap. 1775, 8va. lig. 4, of the canctr pagunu, Scarpa, Dt .iTuftlii, tab. 4, ^. 4, 
5, 6, of the crawfish. Cotapttetti, tab. 3, Hg. 36, 28, of the several other ■pecws. 
Bat whether Ibe parts represcoUc] in the olhn figurei of this table, oa the head] of 
■eveial ioiect*, >« biitlei, bututfiia, camwH Jtiti, he, are really orgaoa of heanag, 
is utramely doubtfol. 

t Lehmaun Dt Antermu Inuctarum, Dissert, poster, p. 46. 

i Scaqia, ke. dt. tab. 4, &g. 7, II. Compareici, tab. 3, fig. 10 aad 16. 
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CHAPTER XXL 



ON THE EYS. 



§ ^5. A SENSIBILITY* to the impressions of light is common 
to all those animals which, in a natural state, are exposed to 
this element: it appears at least very evident^ to exist in 
some of the most simple sgoophytes, as the armed poljrpes 
(hffdrai) : but the power of perceiving the images of external 
objects is confined to those who are prorided with eyes for 
the reception of those images. Nature has bestowed on 
some species, even of red-blooded animals, a kind of rudiment 
of eyes which have not the power of perceiving light : as ilin 
compliance with some general model for the bodily str»otitre 
of such animals. This is exemplified in the prot^s ;f in the 
Mind rat, (marmoia typhlus) among mammalia ; and in the 
myxine glutinosa, among fishes. 

§ S76. Since the eye j: is a very compli(!ated organ, patt^- 
cqWly in; the red-blooded animals, we shall first speak of 



'^■«W<i»— >— *»i I I I ■.»—»»•»■ 



* Much infonnation on the sii}:ject of this chapter ii to be fovnd in Budolphi's 
Gnmdritt dor Phftiologk, voL ii, pt. 1. Berlin, 1823. 

t G. B. Treviranufl, in the work abore cited, s. 319. 

t See Bidloo, De Oeulis et Visu variorum AnimaUum» Lugd. Bat. 1715-4. 
Zinn De Differentia Fabric4B OcuU Humtad <t ^rutorum, in the CommenU Societ, 
Reg* ScienU Gotting. torn. iv. 1754, p. 191 ; and in the CommenU Anttquior* 1778, 

ifV. Porterfield On the Eye. £dinb« 1760, It vote. 8vo. 

Holler, in the Opera Minora, torn, iii. p. 218.. 

L. H. T. Schreger*s Versuch einer vergleichenden Anatomie des Auges und de^- 
T^rimenorgofM. Leipz. 1810. 

Schreger's Ansicht der Augen durch alle ThiercUuten, in the Abhandlung der Phy- 
sik. Medicin, Society ftf Eiitmgen* 
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those pfcultiirilieit w Kich affect the globe itself, its membranes, 
and humours ; and afterwards consider the surrounding parts, 
as the eyelids, Incrymal passages, &c." 

l,arf;« animal* have Binall cyc-balU in proportioa lo their size; 
ihis i» very remarkably the case nith the whales. Those which 
are much under ground have the globe also very small, as the mole 
anil threui : in the former of these instances its existence has beea 
alioKether denied ; and it is not in fact lar^^r than a pin's head. 

Tlic eye* of man and the timiir arc direcred forwards; in the 
latter animals indeed they are placed nearer to each other than in the 
human Bubject. The hmur larsiui has them more closely approxi- 
mated than any other animal. All other mammalia have these 
organs separated by a considerable interval, and directed laterally. 
The same circumstance obtains in birds, with the exception of the 
ov/l, who looks straight forwards. They are placed laterally in all 
reptiles. Their situation varies much in fishes ; they look upwardi 
in tlieuroncMcopui.- tl)ey are both on the same side of the body ia 
AiepleuronrcUi : but in general their direction is lateral. 

The form of the globe varies according to tlie medium in which 
the organ is to be exerted. In man and the mammalia it deviate* 
very little from the spherical ligure. In iishes it is flattened on in 
anterior part ; in birds it is remarkably convex in front, the coroes 
being Bometinfes absolutely hemispherical. The convexity of tlie 
crystalline is in an inverse ratio to Inat of the cornea. Thus in Jisbet 
it is nearly spherical, and projects through the iris, so as to leave 
little or no room for aqueous humour : the cctacea, and those qua- 
drupeds and birds which are much under water, have this part of 
the same form. The aqueous humovir bt'ingof the same density with 
tbe medium in which these animals are placed, would have no power 
of refracdng rays of light which come through that medium : its 
place is supplied by an increased sphericity of the lens. In birds 
these circumstances are reversed ; they inhabit generally a somewhat 
elevated region of the atmosphere ; and the rays which pass through 
this thin medium are refracted by the aqueous humour, which exists in 
great abundance. Man, and the mammalia which live on the suriace 
of the earth, hold a middle place between these two extremes. 

MAMMALIA. 

§ S77. It has been long knownf that the sclerotica in seve- 
ral quadrupeds of this class, as in the human subject, is not 



in the CommeM. Sac. lUg. Sdtnt. Gottmg. torn. ir. p. 192. 
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tlitoughout of equal strength ; but that its posterior is nmch 
diicker than its anterior part. It has also been conjectured, 
chat this structure might influence what are called the intdnmal 
changes of the eye; by which the form of the eyeball, eonse- 
quently the length of its axis, and the respective situation of 
the lens, are adjusted according to the proximity or remote* 
ness of the object, or in reference to amy other relations. - 1 
flatter myself that I have ascertained the truth of this iconjeo* 
ture, by discovering the admirable structure of the sclerotica 
in'.warni-blooded quadrupeds, which have not only the power 
C^ seeing at various distances, but also in two media of such 
difica^rit density, as aii* and water. In the eye of the Greco- 
land sea], where I first noticed the fact,* the cornea wad thin 
and yielding ; the anterior segment of the sclerotica, or libat 
which is. iiimiediately behind the latter membranci was thick 
and firm; its middle circle thin and flexible; and lastly the 
posterior part very thick, and almost cartilaginous. (Plate 
-VI.)- The whole eye-ball is surrounded with very strong 
itauBcles, and we can easily understand how their action, varied 
according to circumstances, produces the requisite chai^ges; 
how the axis of the eye is shortened, when the animal sees in 
aix^.iby bringing the lens nearer to the back of the globe,, in 
order to obviate.the strong refraction which, the rays of lighl 
experience in passing firom the thin medium of air into the 
iiskaJL^ one of the eyes, and vice versd. 
...The totl^tica.of the cettzcea is distinguished by the great 
{ihidhjaeas af . its^osterior part; when the eye-ball equals an 
orange in size, the back of this membrane is an inch thickj 
MO that, although the globe be spheriqa), the space contamiiig 

■ i^i ^1 ■ ■ ■ ■■ ' ■ ^. ■ « II ■ 1 I < II ■ ■ fcii 1 I i* ■ 1^ I ^ ■ ' ■ I I iiMi y ^ , 

* C^muNenC. Soe, JR^. vol. vii. an 1784. Dr. Alben has diteorered tlvQ ^ttne^ 
«Bmitaiice8 in jthe ef e of the walnis, {trkktcu* rosmana) and Ims ijefutod tfeiKid^jOb- 
jectbns ^jrhich bave been made to tbe assigned object of tbis stnictupre, from tl^ d>- 
•ervadon of some slight resemblance to it in the eyes of ceitain land animals^ i^.tfa* 
liOTse, &C. See the Gotting, gderhte Anteigen dsr jihytkaU JSfedtetn. SoeU$. sm 
Erlanjjrien. 1803, p. 601. 

Aim! espedally Sommeiing, D« ceulor, SommU Arwnuiimmq^ teetUm^ Amiovtifiil 

«0«imav(alta. (SrottiDg. ]^818. 

• , • . -. - ' 
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:tbe Titreous humour is of a difierent form. As the scleroticB 
.approaches to the cornea, it becomes thimier. Its posterior 
part presents a rery singular structure, consisting of very 
firm tendinous threads and laminae, most closely interwoven, 
'and of more than cartilaginous hardness * towards the sides. 

l^he extent of the cornea, when compared to that of the 
sclerotica, varies in the different species of mammalia. It 
aeems to be greatest in the porcupine, {hystrix cristaia) where 
the cornea extends over half the globe. 
' § S78. The choroid coat consists more plainly in the ceta^ 
eea than in any other mammalia, of two distinct laminae, of 
which the internal {membrana Ruyschiana) is covered wifli a 
dull tapetum. 

iS79. The inner surface of the choroid coat possesses, 
towards the back of the eye, in several genera of this class, 
particulariy in those carnivorous animals which prey .by nighty 
and even in the bisulca, the most brilliant yellow-green and 
^pphire-blue colours, forming what is called the tapetum Iv- 
iidum.f The coloured portion of the choroid is only partial, 
and the rest of the membrane is covered with pigmentum 
nigrum', as usuaL 

In consequence of this structure less light will be absorbed; 
and it must, on the contrary, be reflected from the tapetmn 
against the retina, which lies in front of the membrane. 

It is well known that the pigmentum nigrum is ealirety^ cnr 
for the greatest pairt, deficient in the eye of the albinos, whicb 
strange variety occurs not unfrequently in the human cacej 

' * iUtyBch, Thesaur, Anatom. ii. tab. 1« fig. 1, % 6. 

Loder, Tabula AmUcmicai, vol. i* tab. 56, fig. 8. 

Albers, in the Ist vol. of the Abhandlung der physik, medietnisch. Society m EHan- 
gin, tabtf6. • • 

Oa &e eye of the whale in general, see Albini, Inder SitpettecHlIf, J* -J. Bsva, 
p. 86 ; also his Anmst, Atad. lib* vii. p. 40 ; and SupeUm Anttomkot p. 182. 

Musei Gaubiani Pars compUctens pteparata Ahatomied, p. 14. • 

' t Zinn, . loco citato, p. 196.' 
H. F. 3Slsae8aer, De Pigmento OcuU tUgro, deque TepeUh Tubing. ISOO; Bto. 
L. Onelin, Ridagatio Pigmenti nigri Oculorum Taiufiniofwn, Gotting. 18l2. 
Moodini, in the OpuscoU tcientyici di BoU^a, torn, ii p. 15. 
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and in several odier mammalia and birds, I know, however, 
no instance of an albino among cold-blooded animals. This 
anomalous deficiency is always congenital, and is connected 
with a want of the colouring principle of the skin, and of the 
hair and feathers. It is hereditary in some mammalia, so as 
to form a constant breed of white animals, vise, in the rabbii, 
mousey and horse^ (which latter are those called glass-eyed). I 
cannot believe that any whole species of warm-blooded ani^ 
ttals should originally want this pigment, and therefore I 
conuder the ferret {mustela furo) to have descended from the 
polecat (i9t. putorius).* 

The tapetnm occupies the temporal side of the bottom of the eye^ 
ba]l $ i. e. it is placed exteriorly to the entrance of the optic nerve» 
It exists in the carnivorous and ruminating animals ; in the iolipeda^ 
pach^dermata, and cetacea. In the dog, tvolf, ^nd badger, it is of 
a pure white, bordered by blue. 

§ S80. The retina^' exhibits in some quadrupeds, viz. the 
hare and rabbit, very distinct and elegant fibres or strias of 
medullary substance, taking for the most part a transverse 
direction.^; The remarkable foramen centrale, which Somr 
mering discovered in the human retina, has been since de- 
monstrated in the eyes of several quadrumana, where these 
organs are directed forwards, and have their axes parallel. 

I have found it, for instance, very plain in the eye of the 
common Barbary ape (simia si/lvanus). The entrance of the 
optic nerve formed a small yellow circle on the retina : nea]^ 
this a larger grey fold appeared, with the foramen centrale in 
its middle. 



* I have treated at greater length on the want of this pigment, which is so 
tial a part in the natural structure of the eye, in the Comment, Soc. Reg, SeietiU volr- 
vii. p. it9 ; and in the third edition of my work, De Generis Humani Vurietate Nativa, 
p. 87». 

t For many observations on the retina, especially in animals of this country* 
(Oermany) see Wantzel, in Isenflamm's and Eosenmiiller's BeUragen, yfH, i. p, 
167. 

t Zinn, loco eiiat, tab. 8, fig. 3. Fontana Sur le Venin tie la Vipere, vol. ii, tab, 
5, fig. 12, 
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In demonstrating this opening in the eye of a simia cyno- 
molgus, 1 advanced the following conjecture as to its use. 
Man, and such animals as hase the two eyes placed with their 
axes parallel, thereby gain the advantage of seeing objects 
with both eyes at once, and therefore more acutely. But at 
the same time they are exposed to this inconvenience, that in a 
strong light both eyes become dazzled at once ; and this hap- 
pens so much the sooner, because the light falls on the corre. 
Bponding principal focuses of both eyes at once; the organ 
not possessing a membraiia nictilans. This inconvenience 
Kerns to be obviated by t\ie foramen centrals : since that part 
which forms the principal focus of the eye opens in a dazzling 
light, so as to form a kind of small pupil, through which the 
concentrated rays pass, and fall on the choroid, where thej 
' are absorbed by (he black pigment. 

§ 2S1. The iris, an organ of very peculiar structure, exhi- 
bits in the different genera and species of mammalia more Du- 
merous and interesting varieties than any other part of the eye. 
The colours of its anterior surface, which are peculiar to the 
different genera, vary in the races and varieties of domestic 
animals, although less strikingly than in the human subject. 
These variations are connected, as in the latter instance, with 
the colour of the hair ; so that in spotted dogs, rabbits, && a 
mixture of colours will be seen in the iris. 

The substance of the part varies in thickness in the difl^r- 
ent genera. In no instance have I hitherto been able to dis- 
cover true muscular fibres ; the examination of the part in the 
elephant and whale having afibrded in this respect the same 
result, as the tender and almost transparent iris of the wlUte 
rabbit. 

In the eye of the seal the ciliary vessels are not distributed 
in the substance of the iris ; but lie on its anterior surface, and 
form a considerable plexus, which is visible without any injec- 
tion,* 

' Commmt, Sac, Reg, Seitnt. Cattling, leco cUato, fig. 2, 3. 



ON THE EYE. ^3 

The pupil in the bisulca, soUdunguhtf cetacea^ &c. is trans- 
verse ; in animals of the eat kind, particularly in a clear lights 
it is oblong: hot to mention other trivial peculiaritieSi asthe 
small vilTous appendix, covered with pigmentum nigrum, which 
is smaetimes seen on the middle of the superior margin of the 
pupil, particularly in the horse. The pigmentiun nigrum has 
a brown colour, in the eye of a white horse which is in my 
collection ; while the other parts of the same eye, which in 
horses in general are black, have only a slight greyish brown 
tinge. Swammerdam, in speaking of the remarkable curtrai 
of the pupil, which is found in the sJcatet says he has discover* 
ed a similar p^rt.in. the hoxse^ If he. does. not allude to any 
unusual formation, but merely to such app^ndic^s as I havf 
mentioned, the comparison is certainly, too tax fetched.* 

The figure of the pupil is transversely oblong in the ruminating 
animals and the horse ; it is heart-shaped in the dolphin. 

$ S89. The corpus ciliare, and particularly the folds of its 
internal surface, with their numerous and elegantly arrange 
blood-vessels, constitutes one of the most wonderful parts of 
the eye, although its functions, which must undoubtedly be of 
the highest importance, are hitherto involved in mystery. * Its 
i&oie minute differences in the genera, which have been hi« 
dieirto estamined, are too numerous to be recounted ; and they 
ecodd Hot be understood without delineations.t Among other 
instances, those of the elephant and horse may be mentioned, 
on account of the remarkable beauty and deUcacy of their 
structure. 

§ S83. The size of the crystalline lens varies in proportion 
to that of the vitreous humour; and sometimes very consider- 
ably. I have found the largest lens in this point of view in 
the CQmparatively small eye of the opossum {didelphis marsu' 

• BiWia Niitttr«, p. 881. 

t Much informatioii may be gained on this subject from Jac. Hovius De Cvrculari 
Humorum Motu in OctUis^ ed. 2. Lugd. Bat. 1716, 8vo. This work, however, 
is in some ^arts unintelfimble, and not to be depended on ; and must, therefore, ^ 
^n«|jdted Fit^ caiition. 
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jriaiU) \ the wkaie has the smiiUcst. No mammalia have it so ] 
sUghlly convex on tlic surfaci; as the adult man. In the eo^l 
hare, the b'uulca, the home, opossum, and seal, it becomes' 
noro and more convex arcording to the scries in which I hare 
natnod these nnimals. Lastly, in the cetacea it is nearly spfae* 
rical* 

The crysliitline is smaller in the eye of man than in any animal, and 
it if larjreat in the Hshen. 

The iolloHting numbers give the proportions of the three humours, 
nctuired on ths axis of the eye, after it had been frozen. 

Aqueoiu Kumoui. Cryitalli 
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The greater convexity, which the author ascribes to the aeal and 
whales, arises from their inhabitinj; the water ; so that they require 
an organ of vision hke that of (ishes. 

It 19 curious to observe the regularity with which, in some 
species, the lens divides into certain segments commendng 
from its centre, in consequence of being dried or immersed in 
acids.'f 

§ 284. A lacrimal glandX exbts in all animals of thin claas. 
Several quadrupeds have, indeed, an additional one, besides 
that vbich is found in the human subject. Some have lio 



• F. P. Du Petit, in tUe Mim. de VAcad. da Seieacei, 1730. The menii 
tiaDsIated in Tnmep's BibHathtk fur dit verglmthmJt AnaUmit, Tcl. i.p.SOO. 
t Letnrraliank, Areatui Naturadettcia, p. 73. 
Perniult, H'utoirr del Aaimaui. pt. 1, lab. 30. 
Young, io ths PhiUa. Trans. 1793, lab. 30. 
Hoiack, Philo,. Trani. 1794, tab. 17. 

J. C. Reil, De Lenta CryaaUiiue Structura Fihroia. Halle, 1794, 6vo. 
t Benin, ia ihtMeot. del' Atad. da Seimcei, 1766, p. 281. 
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pwict0 laerymaUa; and the elephant has neither laerymol 
bag nor as unguis.* 

hk addition to the lacrymal gland, several mammalia have another 
hod J, called ^e glanduia Harderi. This is situated nearer to the noseb- 
and pours out a thick whitish fluid near the third eyelid. It lom^ 
the proper lacrymal gland in the Jtare and rabbit ; hut is distinguished 
hy its whiter colour. The ruminantiat cdmivora, -and pachydermata, 
have it likewise. 

The ducts of the lacrymal gland admit of very easy demonstration 
in the larger quadrupeds, where they open to tne number of sixt^n 
or more, by orifices that will admit a large bristle. 

The liore and rabbit have, instead of puilcta laciymaliai a slit open- 
ing into the lacrymal canal. 

The cetacea want the lacrymal apparatus entirely, as their eyes are~ 
preserved in a moist state by the element in which they live. 

The muscles of the eye-ball are the same in number in the simue as 
in man : but other mammalia possess an additional one, termed the 
suspensorius oculi. 

This muscle is of a conical form. Its origin, which takes place 
from the margin of the optic foramen, represents the apex of the 
cone ; and its insertion into the posterior half of the sclerotica, con- 
stitutes the basis. It fills up therefore the intervaUeftbetweeQthiQfoar 
recti, and surrounds completely the optic nerve. In seve:ral of the. 
caruioara and the cetacea it is divided into four portions; so that 
these floiim^s may be said to have eight straight musdes. It nuisl 
enable the animals which possess it to draw the globe back into ijiii -. 
orbit ; and hence it has sometimes been called the retractor jof the 
eye, 

A,Mnarkable pecuharity occurs in the conjunctiva of the zeaadf ^ 
{nmf tj/pfdus). It is covered with hair as in other parts of the ho^, - 
so that the eye, which is indeed exceedingly small, seems to be com/* ; 
pletely useless. A similar structure is also found in two fishes» the 
n(mrena cccilia and inyxine glutinosa (gastrobranchus ccscus, Cuvier). 
Le^nu (tAnai, <i&mp, tom. ii. p. 394. 

• $1S85. The nictitating membrane, (membrananictitans, pal- 
pebral tertioy seu intemay periophthcUmium) of which only a 
Tudiment exists in the qtrndrumana and the human subject, is 
Y6vy hrge and moveable in some quadrupeds.f This is the 
case in animals of the cat kind, in the apasjfumf the seal, asid 
particularly ia the eUpkani. 

* Camper, (Euvret, torn. ii. p. 138» where he also states that this ammal has no 
lacrymal glaxul, nor passage for the tears into the noae. 

t Taharrani, in the Atti di Siena, tom. iii. p. 115. 
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^ 286. The relative magnitude of the true eyelids varies 
considerably in animals of thb class. The lower, which is verjr 
lai^ in the elephant^ is very smaH in the Aorje. In the latter 
animal, as well as in most (quadrupeds, it has no cilia ; while in 
the quadrumana^ tlie elephani, the praffe^ and otheirs, both 
eyelids possess eyelashes. 

BIRDS. 

§ 287. The eyes are very large in this class of animals,* and 
consequently the bony orbits are of great magnitude in pro*-, 
portion to the skull. 

In the birds of prey they have a peculiar form, which is sum- 
lar to that of the chalice, or cup used in the ccMnmunion service ; 
^e cornea, which is very convex, forms the bottom of the' 
cup ; and the posterior segment of the sclejrotic^ resemblieis fts 
cbver..+ 

S 288. This peculiar form arises from the curvature and 
length of the bony plates, which, as in all other birds,:): occupy 
the front of the sclerotica; lying close together, and overiap* 
ping each other. These bony plates form in general a flat, <»' 
slightly convex ring ; being long and curved in the aedpUpeif, 
they form a concave ring, which gives the whole eyelMlI the 
above-mentioned form. Dr. Albers .observes that the orbit ja 
very imperfect in birds;' and that this bony ring may suj^y 
the deficiency^ .• 

§ 289, The distinction between certain parts of the eyep- 
where the membranes have been supposed to be continuous,* 
appears more plainly in some birds, than in any other animals. 

* Besides the works which have been referred to above, see the memoin of 
Petit on this subject in the Mim, de VAead, des Scieneet, an 1726, 1735> and'-^TSS. 
Home in the P^tto. TVatts. 1796. 
Albers, Beytrdge, toI. i. p. 69. 
Sommering, in the Denhchriften der Akad, zu Munehen, 1811, p. 177* 

f Severini, Zootonna Demoeritea, p< 336. 

Em. Konig, in the Epbrnn, Nattar. Curios, Dec, I J, an 4, Obs. 34. 

% Ck>iter, MiteeU, Observ, Andt, Chirurg. p. 130. 
Pierce Smith, in the PMm. Trafu, 1796, pt, 2, p. 263. 
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Thus I have foiind the boundaries of the choroid coat and iris 
very clearly defined in the horned owl {strix bubo) ; and those 
of the margin of the retina, and the posterior border of the 
dhary body very distinct in the toucan (ramphastos tu^a^ 
mis). 

The ciliary processes of birds are not yenr prominent ; they con- 
sist rather of striae than of loose folds. They are always .dosdy 
connected to the crystalline capsule. There is no tapetum in this " 
class. 

i The colour of the iris varies in the different species of birds ; and 
in inany instances possesses great brilliancy. It has a power of vo- 
luntary motion in the parrot. 

The retina passes obliquely through the sclerotica, in a sheath of the 
latter membrane. 

- % 290. A great peculiarity in the eye of birds consists in the 
marsupium* {pecten plicatum ; in French, la bourse, le peigne) 
the use of which has not hitherto been very clearly ascertained. 
Itarises in the back of the eye, proceeding apparently through 
aitit in the retina ; it passes obliquely into the vitreous humour, 
and terminates in that part, reaching in some species to the 
csapsule of the lens. The figure of its circumference is a tnm- 
cated quadrangle. Numerous blood-vessels run in the folds of 
niembrane which compose it ; and the black pigment by which 
it is covered, suggests an idea that it is chiefly destined for the 
absorption of the rays of light, when they are too strong or 
dazzHng. Others believe that it serves in this class for the in- 
ternal changes of the eye ; but Crampton has contested this 
opinion, and described a peculiar circular muscle in' the eye- 
ball of the ostrich, and several large birds, by which these 
changes are efiected.f 

$ S9L Qirds have large lacrjrmal passages which terminate 

on the surface of the palate.;}: 

* See a neat delineation of the internal parts of the eye in the osprey, (faleo osti' 
fragui) by D. G. Kieser, Oe Anamorphon OcuU. Goetting. 1804, 4to. tab. 2, fig* 1. 
liie .whole^Ussertation contains much instructive matter on this subject. 

See also J. A. Hegar De oculi partibus quibwdamt Getting. 1818. 

t In Dr. Thomson's AnnaU of PhiUnophy for March, 1813. 

i Monro, Obtervationt AtuOomical and Phifjiiologicah Edinb. 1758, Svo. 
Alben, loco citato, fig, 1, 2. 
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Their nictitating membrBno* is furnished with two very ma' 
nifest muscles-t 

In Bome species, ss the common Jowl, the turiey, goose, and 
duck, tlic lover eyelid, which contains a peculiar small latniiu 
of cartilage, is the moBt moveable ; in others on the contrary, 
as ill the parrot and ostrich, the upper has the most extensive 
motion. 

Very few birds have ciha in both eyelids; they are found 
in the ostrich, the falca aerpentarius, the razor-billed blackbird, 
(crotophaga ani) and in some panots. 

Birds possess both a lacrymal gland and glandiila Harder!. The 
latter is considerably tbc largest ; and is usually placed between the 
elevaior and adductor muscles of the globe. It furnlsbcs a thick yel- 
low fluid, which is poured from a single duct, opening on the inner 
lUTfaceofihe third eyeUd. 

Tlic eyelids are closed in most birds by the elevation of the infe^ 
nor palpebra, whidi is the largest. This eyeltd has a peculiar de- 
presBor muscle arising from tlie bottom of the orbit. The owl, and 
the goatsucker are among tbc few in which the upper eyelid de- 
scends. 

The third eyelid, or mcmbratia nictitana, is a thin, semi-transpa- 
itaA Ibid of the conjunctiva; which, in the state of rest, lies in the in- 
ner corner of the eye, with its loose edge nearly vertical, but can be 
drawn out so as to cover the whole from of the globe. By this, ac- 
cording to Cuvicr, the eagle is enabled to look at the sun. 

It is capable of being expanded over (he fflobe of the eye by the 
combined action of two very singular muscles, which are attached 
towards the back of the sclerotica. One of these, which is called 
from its shape the quadralvs, arises from the upper and back part of 
the sclerotica ; its fibres descend in a parallel course towards the optic 
nerve, and terminate in a semicircular margin, formed by a tendon of 
a very singular construction ; for it has no insertion, but constitutes s 
cylindrical canal. The second muscle, which is called ihe pyramidalis, 
erises from the lower and back part of the sclerotica towards the 
nose. It gives rise to a long tendinous chord, which runs through 
the canal of the quadratus, as in a puUey, Having thus arrived at 
the exterior part of the eyeball, it runs in a cellular sheath of the 
sclerotica along the under part of the eye, to the lower portion of the 
loose edge of the membrana nictitans, in which it is inserted. 

By the united action of these two muscles, the third eyelid will be 
drawn towards the outer angle of the eye, so as to cover the front of 

■ It is called by th; Einpenir Trederic II. pttUcuta palpebrarum, 
t Petit, in the Mim, de I'Aead. da ScUacet, 1735 and 1730. 
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the globe ; and its own elasticity will restcnre it to its ibfiner nltiia- 
tion. 

AMPHIBIA. 

§ S92. Little is hitherto known concerning the peculiarities 
in the structure of the eye of this class.* 

In some reptiles and serpents of this country, (Germany) the 
common integuments form, instead of eyelids, a kind of firm 
window, behind which the eyeball has a free motion. 

In the green turtlef {testudo mydas) the sclerotica has a bony 
ring at its anterior part, composed like that of birds, of thin 
osseous plates. These animals possess very large lacrymal 
glands, and a very moveable membrana nictitans; in which 
circumstance the frog resembles them.j; 

The ciliary processes are hardly perceptible in the turtle ; but they 
leave an elegant impression on the surface of the vitreous humour. 
They are distinct and long in the crocodile. The blood-vessels are 
Tisihle on the surface of the iris ; where they form a distinct j^exns in 
the crocodile. 

The optic nerve forms a tubercle within the sclerotica ; from which 
the retina commences. 

The number, &c. of the eyelids varies considerably in this class. 
Serpents have none. The turtle and crocodile have three like those 
of birds. The frog and toad have three ; of which the third is much 
the largest and most moveable. 

The turtle has a very large lobukted lacrymal gland. Serpents 
have oothiBg of this kind. 

FISHES. 

§ 293. The peculiarities ia the eye of fishes^i which bebng 
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^ Petit, in the 311^ d$ VAcad. dt$ Samcm, 1737, p. 142. 

t AOben, ifi the Dmhchr^€H dm' Akad. sm JHOncfttn, laOS. 

t ^PaUcai Omrvmam mOU Tniudim, tab. 8, fig. 11. 

$ Good delineatioDft of the internal stmctve of the eye of fiahei are still wanliBf • 
The best vbich I know of are by Guenellon, of the emfs eye ; but they are con- 
tained in a book where one ihoiUd not mudi tJ^^ed to find them, tiz. in Bayle's 
NcwvtUa de ta Repubilque d$t Lettm, March, 1686, p, 326. See aUo Albera, in 
t^ woik abeve cited ; and Rofentha], in the 10th vol. of the Arekhw/fr PhyrioU^- 
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cither to the whole class, or to most of the genera and species, 
comist in the division of their choroid coat and retina into se- 
veral manifestly distinct lamina ; and in the existence of two 
Email or};ans within the eye, which belong exclusively to this 

cltlSK. 

% iaH. The choroid coat, which in man is a simple mem- 
brane, and in some other warm-blooded animals, particularly 
in the celaeea, a double one, consists in fishes of three disdnct 
Luninte. The inner layer forms a tunica Ruyschiana; the 
middle one (mcmbrana rascutosa of Haller) is perfectly dis- 
tinct both from the former and from the exterior coat ; which 
latter must be compared with the proper choroid of all red- 
blooded animals. Even this last is continued anteriorly into 
the iris, and possesses in many species the well known brilliant 
gold and silver colours. 

The retina is easily separable into two laminss ; of which 
the external is medullary, and the internal consists of a fibrous 
texture. 

§ S95. The two other peculiarities belong exclusively to the 
eye of fishes ; and are common at least to the whole bony di- 
vision of these animals. A body, generally resembling in 
shape a horse-shoe, lies between the internal and middle lay- 
ers of the choroid; some have thought it muscular, and others 
glandular. The tunica Ruyschiana gives origin to a vascutar 
membrane, resembling in its fbrnj a bell (campanula of Haller). 
This goes towards the lens, and has, therefore, some resem- 
blance to the marsupium of birds. 

No true ciliary body is found, at least in the bony fishes. 

§ 296. The crystalline lens of most fishes is very large in 
comparison with the size of the eyeball, and nearly or entirdy 
spherical. The vitreous humour on the contrary is small, and 
the aqueous in many cases is hardly discernible. 

§ 297. The following may be enimierated as instanceB of 
remarkable peculiarities in the eyes of particular genera and 
species of fishes. The firm transparent: laminss of common in? 
teguments, behind which the eyeballs move, as iq spme am- 
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phibia ;* the articuktion of the globe on a stalk of cartilagis in 
the skate and shark :f the curtain {operculum pupittare) in the 
eye of the skate,;]: which can be let down so as to cover the pu- 
pil : and the unique structure of the lobitis anableps, where 
the cornea is divided into two portions, and there is a double 
pupil with a single lens.§ 

The continuation of the conjunctiva over the cornea admits of being 
dmnonstrated in the eel. For it comes off sometimes with the rest 
c^ the skin of the head in stripping off the integuments of this ani- 
maL 

. . The organ of vision exists only in one class of animals, without 
exception, viz. in birds. In mammalia there are two instances of 
comj^te blindness, one in the blind mouse (spalax typhlus^ Pall. Mua 
iyfhhUi L.) and the other in the golden mole (chrysochlorus, sorex au^ 
reus). Among amphibia the proteus anguinus has small eyes covered 
over with a transparent membrane, through which it has merely th^ 
powers of perceiving light, without being able accurately to distin- 
guish objects. Among fishes the hag-fish (gasirobranchus cacus mjfx-' 
ine glutinosa, Linn.) is said to have no trace of the organ of vision, 
and in the blind mwrena no traces of the eye can be seen externally, 
but beneath the skin rudiments of this organ may be detected. 
Among insects there are several species of beetles which live in the 
nests of ants, and are nourished by them, that have no eyes ; further 
there is a species braula, very nearly allied to the dipterous insiect^ 
and which five parasiticadly on bees, in which no eyes have been dbH 
tected. There are also some species of ants^ as the formica contracta 
and formica area, in which the organ of vision is wanting. In Lin- 
Bseus's class vermes^ the cephalopoda are provided with eyes ; the ex- 
istence of the organ of vision is also ascribed to the gasteropoda^ 
which Rudolphi, however, is disposed to doubt. In siiails the eyeii 
are. placed at die extremities of the tentacula. In the remaiidng 
nollusca the eyes are certainly wanting. 



m/mfx^^imtmitm^ 



'• * Abbildurtgen natur-historisch. GegenstUndi, pt. 6, where the part is rej^resented in 
€ktcttrdewn biaupis, 

t Stenoms Speeimm Elemmtor. Myologur, tab. 5, fig. 1. 
Goyeau^ in the Mereure de France, Dec 1757, p. 130. 
Perrault, Euait de PAyjt^tit, torn. iii. tab. 1, fig. 4« 
B^idUn, in AbeFs Journey in t^ Intfrior of CfciKa, p. 3S8. 

t Stenonis De Museulis et GkmduUs, p.^. Cunper, in Hie M^mrim prSfmtU$ i 
VAcad, des Seuucei4e Paris, torn, vi. tab. 3, fig. U = 

' § Seba Thesaur, Rer, Natural* torn. lii. tab. 34. 
Camper, in the German translation of Monro's PhftioU of FUhsf, p. 105. 

• LAcqpede, in the M6n. de VJnstitut, National, torn. iL p. 372. 

* fkhneider, in the 4th vol. of the Neue Sehr^en dtr Naturf.^eidlu tm BerKn, 
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The muiclM of tlie mctnbraQa nictttans were supposed to exist onl; 
Id the tlephemt amoug mammalia, but Rudolphi has discoi^ered them 
in tlie hyma, and Albcrs has aeen tlicm in the seal. These parts 
have been described in several maramalia by Rosenthal in his DUu 
dc aurait Oculonim legumeitiU. Bcrol. 1812. 

In >ninuJs which have a. third eye-lid, there ia a peculiar ghnd, 
which hoa been incorrectly stated to exist in the human subject. The 
matter nhich it secretes is of a yellowish white colour, and thick coa- 
•iatence. 

AU mammalia, and even fishes, possess the four straight and two 
obliiiuc muscles of the eye. In the tortoise and crocodile there are, in 
addition to these six muscles, small posterior straight ones, lafrog* 
and toadi there are three additional recti. Birds have only the six usual 
xauicles. Man and the apes have only six, but the rest of the mani' 
uulia have, in addition (o the anterior, four posterior straight muscles, 
or the retractor muscle, as it is called, which in the predacious and 
cetaceous animals, divides into four portions. Where these posterior 
intisclea exist, the tyecantte drawn back with great force. In birds 
and amphibia the muscles of the eye, and consequently its motioni) 
ore very weak. In the ray and iliark the motions of the eye are much 
increased by this organ resting on a thin cartilaginous pulley wliich 
is attached to the bottom of the orbit. In the other fishes the mobility 
of the eye is slight, and the motions coiiBned. 

The form of the eye frequently varies in difierent animals. If the 
Wtn of the eyes of animals of different sizes were compared trith 
their diameter, they will be sometimes found equal. This is the case 
according to Siimmering, in the l^nt, llie racoon, ostrich, faico 
tlitysaetos, sirir bubo, and the coluber ascuiiipii; and, according to 
Treviraniis, in (he fox, budger, hedgehas;, and tlie/u/co bulco. In man 
the axis is somewhat longer than the diameter, according to Sommei^ 
ing, as 1 : 0,85. In the simia inuus, as 1 : 0,99 ; in the bat this pro- 
portion is the most striking, viz. as 1 : 0,91. In all the other animals 
of which Sijmmering and Treviraniis took the measurements, the dia- 
meter has been foundlarger than the axis. In the tvlia/e it is by far the 
largest. The proportion of the axis to the diameter in the eye of the 
balitna mystketus is, according to Sommering, as 1 : 1,43 ; according 
to Treviranus, as 1 : 1,54. In order to obtain any thing like an aver- 
age, a great number of measurements must be taken of eyes as fresh 
as they can be obtained. 

Attention should be paid to the proportion of the cornea to the 
sclerotica, as on this the form of the eye very much depends. Ih ce- 
taceous animals and fishes the cornea is quite flat, on the contrary it 
ia very convex in night birds of prey. 

In mammalia the cornea is connected, with very few exceptions, in 
the same way as in the human subject. There are, however, some 
modifications. The sclerotic is of different degrees of thickness 
in different parts ; its anterior and posterior portions are thick in 
the ox and hone, and particularly die seal, whiUt the central one 
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is thin. In the cetaceous animals the sclerotic incireases in thickness 
from before to behind ; in the whale it is sometimes more than ap 
inch in thickness. Also in birds the sclerotic becomes thicker at its 
posterior portion. 

The iris, which presents great varieties of colour in the mammalia, 
and which is for the most part dark coloured in wild animalsj is re- 
xnarkable in birds for the diversity and beauty of its hues. In the am- 
'phibia^ and still more in^^e^, it has a shining metallic hue, resembling 
silver or gold. Rudolphi has not besn able to detect muscular fibres 
in the irides of any animals. 

The pupil is round in the quadrumana^ and in some carnivorous 
imlmals ; m the hycena and the cat genus, it is perpendicular ; in the 
ruminanHa, solidungula^ mullungula^ and cetacean it is horizontally si- 
tuated. - In the horse genus, and several of the rummantiaf the ins is 
furnished on both edges, or at least on the inferior one, with small 
tound processes strongly tinged with pigment. In birds the pupil, 
without exception, appears to be round ; and also in tortoises and ti- 
ssardSf as the lacerta viridis, agHis^ &c. In crocodiles and serpents^ it is 
vertical. The pupil of fishes is round; and in the rajf it is provided 
vnth a peculiar process coming from its upper edge, by which it is 
clipable of being closed. 

The ciliary processes are developed in mammaliat bvrds^ and some 
of the amphibia. Cuvier has not been able to detect thein in the com- 
mon lizards, or in serpents. They exist also in the shark, and though 
Cnvier denies their existence in all bony fishes, they are very visible 
-in the tumiyf and Treviranus has observed them in the stur^em and 
the salm&H. In the cephalopoda they are deeply imbedded in a kind 
of sulcus in the lens. 

The three humours of the eye exist, without exception, in all the 
vertebrated animals ; the aqueous humour exists in a very minute 
quantity injishes, while it is most abundant in birds. The crystalling 
lens is spherical In fishes, and approximates more Or less to thSp 
form in all aquatic animals, as the crocodile, the cetacea, the seal, 
ioftter-rat, and in aquatic birds. The few serpents which go into 
{he water, as the coluber natrix, have also a spherictd leiis. hi ihe 
cluimdeon the lens approximatefit to a spherical form ; in land birds, 
on the contrary, it is fiat. The vitreous humour iS| according to 
Tiedemann, of very slight consistence in birds ; but to this remark 
there are many exceptions. It exists in small quantity in all ani- 
mals ; fishes, however, possess most of it. 

insects; ' . ■ 

§ 398. Two kinds of eyes, very dissimil^. in their structure, 
are found in this class.* One sort is small and simple (stemmata) ; 

" ■ -■ • - ■ -- ■ ■ ^^ ..... .- - , r ■ 

* M. de Serres Sur let Yeux compth et Its Yewt lis$et de$ Inseetes, Mon^U. 1813. 
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the others, which are large, seem to consist of an aggregation 
of Btnaller eyes ;* for their general coDvexity is divided into an 
inunense number of small hexagonal convex surfaces, which 
nay be con^dercd as so many distinct corneEe. The first kind 
it formed in different numbers in most of the aptera, as also in 
tfie Urvflj of many winged insects. When these undergo the 
ImI or comjiletc metamorphosis, and receive their wings, they 
gain at the same time the large compound eyes. Several ge- 
nera of winged innecls, and aptera (as the largest species of 
numocuU\) have stemmata besides their compound eyes. 

\ 299. The inlernsl structure has hitherto been investigated 
only in the large polyedrous eyes4 The back of the cornea 
(which is the part, divided in front into the hexagonal surfaces, 
called in French^accWe*) is covered with a dark pigment. Be- 
hind this are numerous white bodies, of a hexagonal prismatic 
shape, and equal in number to that of tike facettes of the cor- 
nea. A second coloured membrane covers these, and appears 
to receive the expansion of the optic nerve. 

§ 300. Further investigation is, however, required in order 
to shew how these eyes enable the insect to see ; and to de- 
termine the distinctions between two such very different or- 
gans. 

I have given, on a former occasion, tlie reasons which led 
me to think it probable, in opposition to the general opinion 
formerly maintained ; that the polyedrous eyes are adapted 
for distant objects, and the simple ones for such as are more 
near. This is confirmed by observing, that butterflies, which 
in their perfect or winged state, have the large compoiuid eyes, 
have only the myopic organs while larvae. 



* Hooke't ilicrvgrapkUt RtUoutata, lab. 20. 21. 

t Andre, in the Ptata. Trans, vol. Iiiii. part 2, of ihe Monaculiis Patuphemia. 

M. d« S«ne>, in lh« Joumat di Pbyslqui, 1809. 

t Swannerdaa, Ub. 20, hu repreuDUd the Btructare of the eje in the drone ot 

Cuviei, in the Alan, dt la SecUil d'Hiit. Nm. dt Faris, an 7, p. 41, fig. 3, tLat 
al the dngm-fly, (littUula gnaulU). 
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Yet there are still some doubts respecting the uses of these 
two kind of eyes ; for some complete animalia subterranean as 
the gryUus gryllotalpa, have both kinds. 

VERMES. 

§ 301. The cuitle-Jish only^ of this whole class,^ has been 
hitherto shewn to possess true eyes ; the nature of which can-* 
not be disputed. They resemble on the whole those of red-* 
blooded animals, particularly fishes ; they are at least incom* 
parably more like them than the eyes of any known insects ; 
yet they are distinguished by several extraordinary peculiari- 
ties.t • The front of the eye-ball is covered with loose mem- 
branes instead of a cornea ; the iris is composed of a firm sub- 
stance^ which seems like a continuation of the sclerotica ; and 
a process projects from the upper margin of the pupil, which 
gives that membrane a semilunar form. 

The corpus ciliare is very completely formed. 

In all other vermes the eyes are entirely^ wanting, or their 
exbtence is very doubtful. Whether the black points, at the 
extremities of what are called the horns of the common snail, { 
are organs which really possess the power of vision, is still 
problematical.! 



* Carias Lehrbuch der Zootomie, p. 67, tab. 4, fig. 2, 9. 

t Swammerdam, tab. 52, fig. 2. 

^ Ibid. tab. 4, fig. 7, 8. 

§ Meckel's Archiv. vol. v. p. 206. 

J. Lanchs, in his Naturgeschicte der Aekenehneehi, Neuemb. 1820, p. 20* 
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CHAPTER XXII. 

ON THE MUSCLES. 

I ^ mm. Xhe heart and other muscular viscera bave been al- 
»(ly treated of. We have only to speak here of the proper 

- inusctes, which are destined to the performance of the volun- 
tary motions. As the details of myology do not come within 
the plun of this nork, the present chapter nill include only a 
few remarks on the peculiarities in the muscular structure of 
the diSerent classes, and of some particularly remarkable spe- 
cies.* 



g 303. The degree of resemblance between the muscles of 

the mammalia^ and those of the human subjectj may be infer- 

* It can be hardly necessary Tor me to state, that the first vol. of Cuvier's eicellect 
work contains by fai the mosl complete account that we hitherto possess of corops- 
ntive myology in general : numerous remarks on [he subject ma; be found also in 
Borelli Dt ilotu Animatium ; and in Barthez, NimvtUf Mtckaniqtu des tSouvemtw 3t 
VHomme et lies Aiiimaia, Caicassone, IT98, 4lo. 

Many striking points in the myolc^y of man, and some of the higher animals, are 
admirably eiplalned and illustrated in a irealise, entitled ■ Animal Mechanics,' 
which has been recenlly published by the Society for (he Diffusion of Useful Know- 
ledge, and whicli is understood to be the production of Mr. Charles Bell. 

i We have eicellenl accounts of the myology of particular species of this class ; 
aa for instance, of the chimpami, (simia tyoglodiitfs) by Tyson ; of the ilog, by 
Douglas, in his Specimtn Mi/ographia amparata ; and by Garengeot, in the Wjroto- 
mie Hamaine et Canine. Paris, 1724, 8vo. ; of the herse, by Stabbs, in bis eicel- 
lenl J J nolcmi; of the Hone. Loud. 1766; and Alton's Katurgeschicte da Pferda. 
Weim. 1816; of the cow, by Vitet, HUdedae Fr^WrJMire, vol. i. 

1 On the muscles of the face in man, as Ihey serve to eipress the different pas- 
sions, see C. Sell, On (As Anat(my of Ezpreaim in Painting, p. 94, 
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red, in any particular instance, by comparing the skeleton of 
the animal with that of man. The similarity is greatest, on the 
whole, in the quadrumana.* Yet these are distinguished by 
the smalkiess of their buttock and calf of the leg ; the strength 
and convexity of which parts constitute peculiar beauties in 
the human form.f 

The differences which we discern in the muscles of the lower ex- 
tremity between man and the other mammalia, arise out of that charac- 
teristic feature, which so strikingly distinguishes man from all other 
animals, viz. his erect stature. An accurate examination of this sub- 
ject will shew us that the erect position belongs to man only ; and 
that the well known passage of the Roman poet is not merely distin- 
guished by the elegance of its diction, but confirmed by the results of 
pbysic^ogical investigation. 

Ptonaque cum spectent smimalia cetera terram^ 
Os homini sublime dedit ; coelumque tueri 
Jussit ; et erectos ad sidera tollere vultus. 

In o^der to enable any animal to preserve the erect position, th^ 
following conditions are required: 1st, that the parts of the body 
should be so disposed as to admit of being maintained with ease in a 
state of equilibrium ; 2ndly, that the muscles should have sufficient 
power to correct the deviations from this state ; 3rdly, that the centre 
of gravity of the whole body should fall within the space occupied by 
&e feet \ and lastly, that the feet themselves should have a broaa 
sut&ce, resting firmly on the ground, and should admit of being in a 
manner fixed to the earth. All these circumstances are united in the 
necessary degree in man only. 

Hie broader the surface included by the feet, the more securely 
win the line of gravity rest within that surface. The feet of man are 
much broader than those of any animal, and admit of being separat* 
ed more widely from each other. The sources of the latter preroga- 
tive reside iii the superior breadth of the human pelvis, and in the 
length and obliquity of the neck of the femur, which by throwing the 
Body of the bone outwards, disengage it from the hip-joint. 

The whole tarsus, metatarsus, and toes, rest on me ground in the 
human subject, but not in other animals. The simiae, and the bear, 



See also Landseer's "Engravings of LionSt Tigers, Panthers, and Leopards, Lond. 
1833 ', a work distinguished by the beauty of its execution, and exhibiting 
most striking illustrations of character and expresrion in the nobler carnivorous 
animals. 

* Lordat Sur VAnatomie du Singe Vert, p. 42. 

f Aristotle De PartUnu Animdlium, 4, 10. 
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IttTD tlic end of the oi calcia raised from the surtucc ; while on the 
contrary it prnjcctt in man, and its prominent portion has a most iin- 
noriani th^Tt in auppoTling the buck of the foot. The exterior margin 
of the fool rests chiefly on tlie ground in the eimiee ; which circum- 
sUdco loaves them a truer u»e of their thumb and long toes in seizii^ 
the hmnclics of tree«, &c. ; and renders die organ so much the less 
ad*pli-d lo support the body on level ground. 

'I he plantarit muscle, instead of terminating in the 03 calois, es- 

nAi into the plantar fascia in the simiss : and in other quadrupeds 
olds tlic place of the^IerDr bierii, or pcrforalus digitonun pedit, 

ising over ilic 03 calcris in such a direction that its tendon would 

eoinprcaaed, and its action impeded, if the heel rested on the 
ground. 

The extensors of the ankle joint, and chiefly those which form the 
calf of the leg, are very small in the mammalia, even in the genus 
■iniia. I'he peculiar mode of progression of the human subject suffi- 
tiently accounts for their vaatly superior magnitude in man. By eie- 
vating the o» calcis they raise the whole body in the act of progres- 
sion ; and by extending the leg on the foot, they counteract that 
tendency which the weight of the body has lo bend the leg in stand' 
ing. 

The thigh is placed in the same line with the trunk in man ; it al- 
ways forms an angle with the spine in animals ; and this is often even 
an acute one. The cxtenjiors of the knee are much stronger in the 
human subject than in other mammalia, as their double effect of ex- 
tending the leg on the thigh, and of bringing the thigh forwards on 
the leg forma a very essential part in the human mode of progres- 

The flexors of the knee are, on the contrary, stronger in animals ; 
and arc inserted so much lower down in the tibia [even in the simije), 
tlian in the human subject, that the support of the body on the hind 
legs must be very insecure ; as the thigh and leg form an angle, in- 
stead of continuing in a straight line. 

The gluteus maiimus, which is the largest muscle of the human 
body, is so small and insignificant in animals, that it may almost be 
said not to exist. This muscle, which forms the great bulk of the 
human buttock, extends the pelvis on the thighs in standing ; and, 
assisted by the other two ^'/u/«, maintains that part in a state of equi- 
librium on the lower extremity, which rests on the ground, while the 
other is carried forwards, in progression. The true office of these 
important muscles does not therefore consist, as it is usually represent- 
ed, in the common anatomical works, in moving the thigh on the pel- 
vis, but in that of fixing the pelvis on the thighs, and of maintaining 
it in the erect position. 

Such then are the supports by which the trunk of the human body 
is firmly maintained in tlic erect position. The properties of the 
trunk, which contribute to the same end, do not so immediately be- 
long to the present part of the work ; but may be slightly mentioned, 
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to complete the view of the subject. The breadth of the human pel* 
vis affords a firm basis on which all the superior parts rest securety ; 
the same part is so narrow in other animals, that the trunk represents 
an inverted pyramid ; and there must consequently be great difficulty 
in maintaining it in a state of equilibrium, if it were possible for the 
animal to assume the erect position. In those instances, where the 
pelvis is broader, the other conditions of the upright stature are ab- 
sent ; the bear, however, forms an exception to this observation, and 
consequently admits of being taught to stand and walk erect, although 
tbeposture is manifestly inconvenient and irksome to the animal. 

Tiie perpendicular position of the vertebral column under the cen- 
tre of the basis cranii, and the direction of the eyes and mouth for- 
wards, would be as inconvenient to man, if he went on all -fours, as 
they are well adapted to his erect stature. In the former case he 
would not be able to look before him ; and the great weight of the 
head, with the comparative weakness of the extensor muscles, and 
the want of ligamentum nuchas, would render the elevation of that or- 
gan almost impossible. 

When quadrupeds endeavour to support themselves on the hind 
extremities, as, for instance, for the purpose of seizing any objects 
with the fore feet, they rather sit down than assume the erect posi- 
tion. For they re^t on the thighs as well as on the feet, and this can 
only be done where the fore part of the body is small, as in the simia, 
the squirrelf .&c. ; in other cases, the animal is obliged also to support 
itself by the fore feet, as in the dog, cat, &c. The large and strong 
tail, in some instances, forms as it were a third foot, and thereby in- 
creases the siurface for supporting the body ; as in the kangaroo and 
ihejerboa, 

.Various gradations may be observed in the mammalia, - connecting 
man to those animals which are strictly quadrupeds. The simiae, 
which are by no means calculated for the erect position, are not, on 
the other hand, destined like the proper quadrupeds to go on all 
fours. They livein trees, where their front and hinder extremities are 
both employed in climbing, &c. 

The true quadrupeds have the front of the trunk supported by the 
anterior extremities, which are consequently much larger and stronger 
than in man ; as the hind feet of the same animals yield in these re- 
spects to those of the human subject. The chest is in a manner sus- 
pended between the scapulae ; and the serrati magiii muscles, which 
support it in this position, are consequently of great bulk and 
strength. When viewed together they represent a kind of girth sur- 
rounding the chest. 

§ 304. Of the muscles which do not exist in man, nor as far 
as we hitherto know, in the quadrumana, but which on the 
contrary are found at least in the greatest number of quadru- 
peds ; the cutaneous expansion of the trunk (pannicubis car^ 
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notut, expantio ccrma, musculus subculaneus), and tbe tiu- 
pcHioriut ocuti,' deserve particular mention. 

The patinicului camosus does not exist in the pig ; but is of 
extraordinary itrengtli in such animals as liave the power of 
tolling themselves up ; as the lalu, iarmadiUo) mams, porcu- 
pine, heilgfhog, &c.i- 

The tendinous fibres of this cutaneous expansion may be 
Bplit into threads of a hundred feet or more in length in the 
celacea ; and the inhabitants of the Aleutian islands prepare 
in this way a very delicate kind of thread. 

^ 305. Among such, on the contrary, as are found only in 
particular genera and species, the most remarkable are the ex- 
tremely numerous muscles of the prehensile tails of some cer- 
copi/fieci (sapajous, belonging to the siini<B of Linnseus), and 
Other South American and Australasian mammalia :} those 
which we have already described in the trunk of the elephant ;^ 
nnd that which belongs to the epiglottis of several mammalia 
{cerato-epigloi tidisus) . [| 

I 306. Other muscles, which are common to most orders of 
the class, are distinguished in some species by remarkable 
strength, which adapts them for peculiar kinds of modon. 
This is the case with the gluteus medius^ of the horse ; which 
in connexion with some others, particularly the gemellus,** 



* Zion, in Ctmmtnt. Sac. Beg. Scienl. Catting, lorn. i. p. 48. 

I See the eicelleat monograph of Ilimly, vfrtr dit Zusammenkugeln dts Igils. 
BniQiwick, IBOl, 410. 

t &Iery recltaned do leu than 280 musclei in the prehensile tail of a ctrcopilii- 
nii. Du Haniel, Hill. Acnd. Rsg. Seiini. p, 276. 

§ See the interestiog observations of Cuvier on Ihe organiiation of the elephant'! 
ttunl, in the seventh pall of the Meaagtrit du Muieuia Nalfenaf. He intends to ei- 
plain (he wonderful structure of this completely unique organ in a separate work, 
with twelve plates. Some remarks on the subject may be found in the valuable Df- 
icriptiun aiiaiainiqut d'un EUphanl male, par P. Camper, publi.'e par am Jib, A. G. 
Camper. Paris, 1802, folio. 

II J. G. Runge De Voce guique Organii. Lugd. Bat. 1753, 4lo. 
T Stuhbs's MuKles, tab. 2, q, r, b, t; aod lab. 3, a, b, c, d. 
•• Ibid. tab. 3, 60-64, 
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enables the animal to kick out backwards with such astonish- 
ing force; with the immensely long flexors of the beaver's 
tail^ or the extensors of the hangaroOy &c. 

The pecioralis major, laiissimus dorsi, and teres majors are of vast 
size in the mole ; and enable the animal to dig its way under grounds 
and to throw up the earth* 

BIRDS. 

§ 307. The muscles in this class are distinguished by pos- 
sessing a comparatively weak^ irritable power^ which is soon 
lost after death; and by their tendons becoming ossified, as 
the animal grows old, particularly in the extremities, but some- 
times also in the trunk. I have observed this to a very remark- 
able degree in the crane. 

This appearance led several physiologists of the seven- 
teenth century to the erroneous conclusion, that the bones in 
general, at least for the most part, are formed from tendons.* 

§ 308. The most remarkable circumstances in the myology 
of this ckssi* have been incidentally mentioned in previous 
parts of this work. For instance, muscles which are not ex- 
clusively peculiar to birds, but are more commonly found in 
them than in the mammalia, as those of the membrana nicti- 
tans ;X or such as are deficient, as the diaphragm ; or distin- 
guished by their remarkable size and peculiar form, as the pec- 
toral muscles. 

Birds possess three pectoral muscles, arising chiefly from their 
enormous sternum, and acting on the head of the humerus. The first, 
or great pectoral, weighs, of itself, more than all the other muscles of 
the bird together. The keel of the sternum, the fork, and the last 
ribs, give origin to it ; and it is inserted in a rough projecting line of 
the humerus. By depressing that bone, it produces the strong and 



* See Stenonis De MuteulU et GUmduHs, p. 26. Casp. Bartholin Specimen His-* 
torus Anatomica Pariium Corporit Humani, p. 185. 

f On the myology of birds the reader may consult Stenonis, in the Act* Hqfnieni, 
1673, p. 6 ; and Valentini, Amphitheat, Zootom, pt. 2, p. 8. 

Also Vicq d'Azyr, in the Mhn. de I'Acad, des Sciences de Paris, 1772, Merrem's 
Vermisckte Abh. ays der Thiergesch. p. 144. 

And Wiedemann's Archives, vol. ii. p. 68* 

t These muscles are described in the chapter which treats on the eye. 



S\2 ON THE MdSCLES. 

violent TDOtiniui of llic wing, which carry the body forwards in flying, 
Thf middle itecloral lies under this ; and sends its tendon over the 
junction of the fork, with the clavicle and scapula, as in a pulley, to 
DC interird in ihc upper part of tlic humerus ; which bone it elevates. 
By thin contrivance of ilie pulley, the elevator of the wing is placed 
U the under vurfacc of tlic body. The third, or Usser pectoral 
muscle, haa the same cffi-'ct with the great pectoral, in depressing tlie 
wing. 

One of the flexor tendons of the toes of birds (produced from a 
muicle which comes from the pubis) runs in front of the knee ; and 
all these tendons go 1>ehind the heel ; hence the flexion of the knee 
and heel produces mechanically a bent state of the toes, which may be 
wen in ihc dead bird ; and it is by means of this structure that the 
bird IB supported, when roosting, without any muscular action. 

This circumstance of the flexion of the toes accompanying that of the 
other joints of the lower extremity of birds, was long ago observed by 
Bor^, and attributed by him to the connexion which the flexors of the 
toc« lukvc with the upper parts of the lirnb, by which they are mechani- 
etlly atretchcd when the knee is bent. This explanation has been con- 
troverted by Vicq d'Azyr and others, who have referred the effect to 
the irritability of the muscles. The opinion of Borelli appears, not- 
wilhtlanding, to be well foundcil ; for not only the tendon of the ac- 
DMSory flexor passing round the knee, but the course of the flexor 
tendons over the heel, and along the metatarsus, ntfst necessarilj 
cause the contraction of the toes, when either of these joints is bent ; 
and if ihe phenomenon was not produced on mechanical principles, it 
would be impossible for birds to exhibit it durin;^ sleep, which they 
do. or to prove the effect on the limb of a dead bird, than which no- 
thing is more easy. The utility of this contrivance is great in all 
birds, but particularly so in the rapacious tribe, which by this means 
grasp their prey in the very act of pouncing on it ; and it is still 
more necessary to those birds which perch or roost during their 
sleep, as they could not otherwise preserve their position, when all 
their voluntary powers are suspended. Rees's Cyclopedia, art, 
Pirds. 

AMPHIBIA. 

^ 309, The two chief divisions of this class are distinguished 
from each other by a remarkable difference in their muscular 
structure, which arises from a corresponding diversity in the 
skeleton. In the reptiles, for instance, and particularly in the 
turtles* onA frogs, where the trunk of the skeleton possesses 
but little mobility, the muscles are very few in number. Not 

* for the mjolog; of Ihe tettudo tabalota see Wiedemaan's AnhtBes, vol. iii. pl.2, 
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only the diaphragm, but also the muscles of the abdomen and 
chest are wanting in the genus testudo. The other muscles 
are« however, of vast strength in this genus. In the seijpenis, 
on the contrary, they are more uniform and thin, and more 
numerous, beyond all comparison, in consequence of the vast 
number of vertebrae and ribs, and the want of all extemd 
organs of motion. 

FISHES. 

§ 310. The muscles of this class* are distinguished from 
those of animals which breathe by means of lungs, not only 
by receiving a smaller supply of blood, and consequently being 
of a paler colour, but also by their disposition in layers, and 
by the uniformity i* of their substance, which in general iff 
destitute of tendinous fibres. This structure, together witb 
the number and bulk of their muscles, is well calculated to 
support. that great expenditure of strength and exertion^ 
which is. anecessary. consequence of the peculiar abode, and 
whole economy of these animals.j: 

INSECTS. 

• §311. The observations which have just been made con- 
cerning the uniformity, number, and strength of the muscles 
of fishes will hold equally good, on the whole, of insects; but 
under other modifications, and generally in a more striking 
degree.^ In the few which have been hitherto investigated 
with a view to this subject, some differences have been ob- 
served. The immensely strong muscles of the claw in the 
crab and lobsterj^ bear considerable analogy to those in some 



♦ Lacepede, Hist, NaturelU des Poissons, torn. i. Discourse p. 47. 

Sir A. Carlisle, On the Arrangement and Mechanical Actioti, of the MuscUt of Fiskes 
in the Phil. Trans, 1806. 

f Kielmeyer, uber tUe VerhMtnisse der Orgamtchen Kriifte unt/tranander, p. 22, 
8vo. 1793, Stutgard. 

X Br. Blane's Lecture on Muscular Motion, p. 54. 

§ Kielmeyer, loco citato, 

I Stenonis Specimen Elementorum Myelogia, p. 55. 

Penrault, 
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orgnns of retl-blooded animals ; while the muscles of other 
insccb, as may be seen in the larva;, are distinguished by a 
peculiar bluish white colour, and flattened form. Their great 
number concurs also with these characters in distinguishing 
tliem from those of the former classes. Lyonet* reckoned 
4,061 in the larva of the cosiiu3,f and 2,186 of these belong to 
the alimentary canal. 



%3]2. The arrangement of the muscular system of the 
nuMascaX has considerable analogy, on the whole, to that of 
the larvs of insects. Those which mhabit shells have, more- 
over, peculiar muscles connecting them to their testaceous 
covering, and enabling them to move it. Thus the *nai7has 
Urge muscular fasciculi running along the abdomen, attaching 
it to the upper turn of the shell, and enabling the animal to 
withdraw itself into the cavity. The bicalees have powerful 
adductor muscles to close their shells.^ In several of the 
moUuxca nuda there is a considerable apparatus of cutaneous 
fibres, by which a very remarkable shortening of the body 
can be produced. A similar and very astonishing contractile 
power resides in the gelatinous parenchyma of the %oophytes, 
and animals which inhabit corals, in whose structure nothing 
like muscular fibres can be distinguished. 

Perraull, Eauij de PAviiyue, torn. iii. lab. 4. lig. 3. 

And especially F. Succow, Sptcimen Myologia laseclomm de ajtnco Fiuiudii. 

Heldelb. 1813. 

• Tib. 6, 7, 8, 15, 16. 17 ; and Ub. 5, fig. 7, 8. 

t I'tiis number includes about tea Xnaes as maay a^ beloDg to the human body. 

X See an account of the muscles of the aphrodUe aculeata, in Pallas's MisMdanM 
Zwtogica, lab. 7, fig. 13. 

Of the Irilmia op/j/ju, i:c. by Cuvier, in the AnnaUs i/u Museum A'alianal d'Wia. 
Nat. lom. i. and ii. 

Of the Buail, (Ariix pomalia) by Swammerdain, tab. 6, fig. 2 ; of DUtoerous bi- 
valves and multivalves in several figures of Poll's work. 

i Haater, OalhtBlaod, p. 111. Poli, vol. i. Jnlrodiwlion, p. 59, 
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CHAPTER XXni. 

ON THE MALE ORGANS OF GENERATION. 

§ 313. In considering the comparative anatomy of tlie sexual 
functions^ we must confine ourselves to those animals which 
possess male organs^ destined for the purpose of impregnation, 
and female parts for that of conception. 

To the former belong chiefly the testes, vesiculae seminales, 
prostate and penis. Yet the three last mentioned parts, and 
particularly the vesiculae and prostate, are by no means con- 
stantly found even in red-blooded animals. 

The following general view of the subject of generation, in the 
5th volume of Lemons d' Anatomic comparee, affords a comparative 
statement of the manner in which that function is executed in the 
different classes. 

The nature of generation, which is the greatest mystery in the 
economy of living bodies, is still involved in impenetrable obscurily. 
The creation of a living body, that is, its , formation by the union of 
pHrticles suddenly brought together, has not hitherto been proved by 
any direct observation. The comparison of this process to that of 
crystallization is founded in a false analogy : crystals are formed of 
similar particles attracting each other indifferently, and agglutinated 
by their surfaces, which determine the order of their arrangement: 
living bodies, on the contrary, consist of num^ous fibres or laminae 
of heterogeneous composition^ and various figures, each of which 
has its peculiar situation in relation to the other fibries and laminae. 
Moreover, from the instant in which a living body can be said to 
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«xi>t> howrver mull it may be, it poRsesses alt iu parts ; it does not 
prow by the ailililion of any new laminse, but by the uniform ot 
irregular deTelapmcnt of parts which existed before any sensible 

The only circumxtance common to all generation, and consequently 
the only esEieniial part of the process, is, that every living body is 
MEacheil at first to a larger body of the same species with itself. Il 
constitutes a part of this larger body, and derives nourishment for s 
certain time from its juices. The subsequent eeparation constitutes 
birth : nnd may be the simple result of the life of the larger body, 
and of the consetjucnt development of the smaller, without the addi* 
tion of nny occasional action. 

Tlnu the essence of generation consists in tlie appearance of a 
small organized body in or upon some part of a larger one, from 
which it is separated at a certain period, in order to assume an inda^ 
pendent existence. 

All the processes and organs which co-operate in the business of 
generation in certain classes, are only accessory to this prinmry 
function. 

When tlie function is thus reduced to its most simple state, it con- 
stitutes the gemmiparous, or generation by slioots. Iti this way the 
buds of trees are developed into branches, from which other trees 
may be formed. The polypes (hydra) and the sea anemones {actinia) 
multiply in this manner ; some worms are propagated by a division 
of their body, and must therefore be arranged in tlie same division. 
This mode of generation requires no distinction of sex, no copula- 
tion, nor any particular organ. 

Other modes of generation are accomplished in appropriate or- 
gans ; the germs appear in a definite situation in the body, and the 
assistance of certain operations is required for their furtlier develop- 
ment. These operations constitute fecundation, and suppose the 
existence of sexual pans; which may either be separate or united in 
the same individual. 

The ofHce of the male sex is that of furnishing the fecvtidating or 
seminal Jiuid ; but the manner in which that contributes to the deve- 
lopment of the germ is not yet settled by physiologists. Some, 
forming their opinions from the human subject and the mammalia, 
where the germs are imperceptible before fecundation, suppose that 
these are created b^ the mixture of the male fluid with that which 
they suppose to exist in the female ; or chat they pre-exist in the 
male semen, and that the female only furnishes them with an abode. 
Others consult the analogy of the other classes of animals and of 
plants. In several instances, particularly in the frog, the germ may 
be clearly recognized in the ovum before fecundation ; its pre- 
existence may be concluded in other cases, from the manner in which 
it is connected to the ovum when it first becomes visible ; for it is 
agreed on all sides that the ovum exists in the female before fecna- 
dation, since virgin hens lay eggs, &c. From such consideratioaG 
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these physiologists conclude that the germ pre-exists in all females ; 
and that the fecundating liquor is a stimulus which hestows on it an 
independent life, by awakening it, in a manner, from the species of 
lethargy in which it would otherwise have constantly remained. 
. The origin of the germs, and the mode of their existence in the 
female ; whether they are formed anew by the action of life, or are 
pre-existent, and inclosed within each other; or whether they are 
dijBseminated, and require a concourse of circumstances to bring them 
into a situation favourable for their development, are questions 
which, in the present state of our knowledge, it is utterly impossible 
for us to decide. These points have for a long time been agitated 
by physiologists, but the discussion seems now to be abandoned by 
universal consent. 

The combination of the sexes and the mode of fecundation are 
subject to great variety. In some instances they are united in the 
same individual, and the animal impregnates itself. The acephahm 
molhuca and the echinus exemplify this structure. In others, al- 
though the sexes are united in each individual, an act of copulation 
is required, in which they both fecundate and are fecundated This 
is the case with the gasteropodous mollusca and several wotitm. In 
the remaindesr of the animal kingdom the sexes belong to different 
individuals. 

• The fecundating liquor is always applied upon, or about the germs* 
In many cases the ova are laid before they are touched by the semen; 
as in. some fishes of the bony division, and the cepltalopodous mol^ 
buca. Here, therefore, impregnation is effected out of the body ; as 
it is also in the Jrog and toad. But in the latter instances the male 
embraces the femsde, and discharges his semen in proportion as she 
voids the eggs. In most animals the seminal liquor is introduced 
into the body of the female, and the ova are fecundated before they 
are discharged. This is the case in the mammalia^ birdg, most rep* 
tiles, and some fishes ; in the hermaphrodite gasteropodous mollusca^ 
in the Crustacea, and insects. The act by which this is accomplished 
is termed copulation, 

. . In all the last mentioned orders ova may be discharged without 
previous copulation, as in the preceding ones. But dey receive 
no further development, nor can they be fecundated .wh^n thus 
voided. 

The effect of a single copulation varies in its degree ; it usually 
fecundates one generation only ; but sometimes, as in poultry, seve- 
ral eggs are fecundated; stiU, however, they only form one gene- 
ration. 

In a very few instances one act of copulation fecundates seyeri^ 
generations, which can propagate their species without the aid of the 
inale. In the .plant-louse (aphis) this has been repeated eight times ; 
and in some monocuH twelve or fifteen times. 
" When the germ is detached from the ovary, its mode of existence 
may be more or less complete. In most animals it is connected, by 
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!»■■» of VMoek, U> &n organized moss, the absorption of wbicli 
nouiiihei and developcs it until the period of its birth. It derives 
nothins, thcrcforp, from the body of the mother, from which it is ae- 
fwratca by coverings varying in number and solidity. The germ, 
togetlier witli its moss ol nourishment, and the surrounding mem- 
bnutcB, constitiilea an egg, or ovum ; and (he animals which produce 
their young in ihii stnic arc denominated oriparoia. 

In nioBt of these the germ contained in the egg is not developed 
until that part has qiiiiti^ the body of the mother, or has been iaid; 
whether it be necessary that it should be af^wards fecunda.ted, as 
in many Rshes ; or re<|uire only the application of artificial heat fin 
it* incubation, as in birds ; or that the natural heat of the climate a 
■ufficieni, aa in reptiles, insects, &c. These are strictly opiparoui 
animals. 

The ovum, after being fecundated, and detached from the ovarium, 
remains in some animals within the body of the mother, until ibe 
contained germ be developed and hatched. These are fiihe vivipa- 
rom animals, or ovo'viviparout. The riper, and soiae^hes afford 
instances of this process. 
P Mammalia alone are truly viviparous animals. Their germ poa- 

^se■■es no provision of nourishment, but grows by what it derives 
ftom the juices of the mother. For this purpose it is attached to the 
internal sur&re of the uterus, and sometimes, by accident, to other 
f parts, by a kind of root, or infinite ramification of vessels, called a 

I placenta. It is not, therefore, completely separated from the mother 

by its coverings. It does not come into the world until it can enjoy 
an independent organic existence. I'he mammalia cannot, therefore, 
be said to possess an ovmii in the sense winch we have assigned to 
that term. 

From the above view of the subject, generation may be said to 
consist of four functions, differing in their importance, and in the 
number of animals to nhich they belong. 

Ist, The production of the germ, which is a constant circumstance; 
2n^y, Jecundotion, which belongs only to the sexual generadon; 
3dly, copulation, which is confined to those sexual generations, in 
which fecundation is accomplished within the body. 

Lastly, itCero^station, which belongs exclusively to viviparous ge- 
neration. Cuvier, Le^ont d'Anat. eomparee, torn, v, 

^ 314. The testes, and sometimes the vesicitl^ seuunalo 
and prostate, vary most remarkably in their magnitude in such 
animals as have a regular rutting season.* They are very 
diminutive at other periods of the year, but swell at that 
particular time to a comparatively vast magnitude. This 

■ Se« Dr. Jennet On tlte Migratim if Bir<U, ia the Phil. Tnaa, 1833. 
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change is particularly observable in the testes of the mole^ 
sparrow, and frog.'* 

i 315. It is necessary to mention here, in a cursory and ge- 
neral manner^ the peculiar organs possessed by the males of 
some species^ for the purpose of holding the female during 
Ae act of copulation. Of this kind are the spur on the Und 
feet of the male omithorhynchus ;^ the rough black tubercle, 
formed in the spring season on the thumb of the commoti 
frog; the two members^ formed of bones articulated to each 
other^ near the genitals of the male torpedo and other cartUar 
ginaus fishes; the forceps on the abdomen of the male 
dragonfly^ &c. Ray, Klein^ Battara, and others^ considered 
these parts as real organs of generation ; and the same mistake 
was committed by Menz and Kriiger concerning. the tubercles 
on the thumb of the frog. Equally erroneous is the opinion 
of Tyson, that the sternum of the cyclopterus lumpus (lumpt 
sucker) serves the male to retain the female in its embrace in 
the act of impregnation ; an opinion which that physiologist 
entertained, from an idea that such an organ would be pecu« 
Uarly useful to the animal, on account of the shortness of its 
penis. To say nothing of the situation of the sternum on the 
neck, together with the convexity of the abdomen being, cal-- 
culated rather to impede than to assist the act of copulation, 
and also of the existence of this organ in both the male and 
female, it has escaped the notice of that otherwise excellent 
physiologist that these fishes do not copulate. The female 
deposits the ova alone at the spawning season^ as is the case 



- * in animals, which have lost the testes by the operation of castration, a similar 
4^rcamstance may be obsenred in some of the remaining organs ; as in th^ vesicals 
atminales of the gelding. Bourgelat, EUmeru de CArt V^irmaire, Par. 1769, 8vo. 
p. 359. 

i The spur of the omUhorhynehvs not only enables the animal to retain the female 
in a firm pontion, but probably acts as a specific stimulant duriog- the. act of copu- 
lation. On the subject of this peculiar organ see Rudolphi, in the Abhandl, d§r 
Berliner. Wisperseb, 1820. 

Seifert, $picil£gia Adenohgica, p. 8, tab. 1 , fig. 5. 

Meckel's ilrc/iiv. vol.' viii. 
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with nuny otiisr species of fishes, and the deposited ova are 
■Aemrda fructified by the male. 

MAMMALIA. 

^ 316. A tcrolum, or hag, in which the testes bang on the 
outside of the abdominal cavity exists only in the mammalia; 
but is not by any means common to all the genera. It is not 
fiiund, and that for very obvious reasons, in the aquatic ani- 
mals of this class ; nor in the perfect subtetranea (those which 
live under ground,) as the mole; nor in such as roll themselves 
Up on the approach of danger, as the hedgehog. These, 
which may be called true texticonda, (i. e. animals having 
their testes concealed) must be distinguished from such as 
have the power of withdrawing these glands from the abdo- 
men, and retracting them into the cavity according to circum- 
stances ; as the guiaea^ig,* the squirrel, the rat, the 
hamster.t (mamio'a criceUu) and Canadian musk-rat| {mm 
Mibethicua). 

In those tctticonda which have the penis much concealed 
by the integuments in its unerected state, as &e hare, eat, &c- 
it is difficult sometimes to distinguish the sexes on the first 
view, particularly at an early age. 

A scrotum exists in all the quadrumana and in most of the cana- 
vara ; in animals of the opossum kind, which have it in ^nt of the 
pelvis ; in the hare and gerboa ; in most of the ruminating geaera, 
and in the tolidungula. 

The testes are placed under the skin of the perineum in the pacliy- 
dermatu and the «*«( ; or under diat of the groin, as in the camel and 
Oder. They pass from the abdomen into one or the other of these 
situBtions, particularly at the rutting season, in the bcUs, the mok, 
threw, and hedgehog; and in several rodenlia, as the rat, guinea- 
pig, porcupine, beaver, tquirrel, &c. They remain constandy in the 
abdomen in the omithorhynchus paradoxus and hystrix, in the elepiiM, 
hyrax, the amphibious mammalia, and the cctacea. 

' Frenl«r, Sfi»u^TBphia eavitf porctUi Zad^ca. Goltiog. 1830, p. 54. 
I Sulzci, pp. 38, 67. 

t SarrauD, id tbe Kim. de t'Acad, dtt Sdtnat dt Parii, 1 736. 
Salei De uuicuUimm tx abdemine iit scrotum dtuxnn,. Lips. 1817, p. 33 tib. ?, 
fig.l. 



OK THE MALE ORGANS OF GENERATION. 3SS 

The Umica taginaNs exists constantly in the mammalia. At the 
horizontal position of the hody obviates the danger of hernise, the 
cavi^'.of ^18 covering always communicates by means of a narrow 
canal with the abdomen, in such animals as have the testes remaining 
constantly in the scrotum. Where these glands occasionally pass 
out of the abdomen and return again, the communication is very 
Inoad and free. 

\ 317. In several quadrupeds, as the dog^ horse, ranty and 
others^ there is a body composed of condensed cellular sub- 
stance, lyufig according to the axis of the testicle near the 
epidid3rmis^ and known by the name of corpus Highmoru 
This is not a canal, nor does it possess that artificial structure 
which has been described and delineated by several anatomists 
of the seventeenth century.* 

The seminal tubes are collected in some animals into large' fasci« 
culi ; as in the baboons, most of the large camivora, the wild boar^ 
and the rhinocei^os. It is the union of the septa which divide these 
fiuiciculi, that constitutes the corpus Highmori. In most of the 
rodentia, and particularly in the rat, these tubes are large and pa- 
rallel, and very easily separable. 

The vasa deferentia are usually enlarged in size, and assume a 
cellular structure for some short distance previous to their termina** 
tibn. The structure of this part is the most remarkable in the Horse t 
where '* the vas deferens, in passing over the bladder, enlarges to 
the size of the human thumb ; this amplification extends from its 
entrance into the urethra to the distance of five or six inches from 
that point, where it again becomes of its ordinary diameter. 

*^The inside of this enlargement is composed of cells, and some- 
what resembles in construction the cells of the corpus cavernosum 
penis, passing in a transverse direction across the tube. In the 
centre of this enlargement passes the small canal of the vas deferens ; 
each cell communicates by one, two, or more small pores with the 
camd of the vas deferens, and the cells diminish as they approach 
the neck of the bladder, till they are lost in a smooth passage enter- 
ing the urethra. 

'* What the purpose of this structure is, does not appear ; it must 
retard the passage of the semen, and probably adds some fluid to it. 



* De Graaf Be Vvrcr, Organis Generate insemenU tab. 3, fig. 4, in the d9gi 
See also the excellent delineations by A. Monro* junior, De TeaihuA, Edinh. 

1755, 8to. tab. 4, fig. 5, in the dog; fig. 8, in the hone; tab. 3, fig. 5, in the pig, 

&c. 

Y 2 
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•ecrctnl from the cidb iliemtelTea." Mr. Clark in Rees's CyclopediiL, 
art. Anatomy uf llie Hotk. 

The cells of this part contain a thick white fiuid, whkh fiowa out 
in abundance on compression. 

Ad anslogout structure is met wiih in the ram. 

^ 318. Most ttpecies of mamuiolia, and, with the exception 
of the celacca, some out of every other order in the class 
possess tteniculfc tenunalea. Mr. Hunter, at least, expressly 
asserts tliat these parts are not found in the celacea.* I am 
indeed aware of the coromon opinion, which supposes the first 
diKCovcry of these important parts to have been made in the 
dolphin, by that excellent zootomist Rondelet, to whose la- 
bours the science is so much indebted. But the passage 
quoted for this purpose from his classical work+ seems to me 
to be quite as inadequate to prove that point, as the observa- 
tion of Ray on the male organs of the porpoise,% which has 
ako been applied by Haller to the vesiculte seminales. The 
vesiculs seminales swell to a vast size in the rutting season in 
many animals, as in some of the xitnus, and most particularly 
in the hedgehog-% 

Among the species in which these parts do not exist, aw 
the dog and cof kind, tbe bears, the opouums, sea-ottert, teati, 
and the omithorhynchus. 

The foUoning animals have no veaiculae seminales, according to 
Ctivier ; the pkuitigrada, except the racoon and hedgehog ; all the 
camivora and marsupial animab ; the ruminaniia, the seals, the ce- 
tacea, and the two species of omithorhynchus. Their existence ot 
absence does not seem to follow any general law. 

Their form and Btnicture vary almost infinitely in the different 
mammalia, where they often terminate in the urethra by a Beparate 
opening from that of the vas deferens. This circumstance, together 
with the fact of their containing generally a fluid of diSerent appear- 
ancQ and properties from those of the semen, and the glandular stnie- 
ture which their coats possess in many instances, militatea stroDgty 



■ PAibB, Tram. vol. liivii. p. 442. 

t Piieibxa MrainU, p. 461. 

t PWIot. Trans, vol. v[. 

^ Wetlet, Anatomt trinacei Europai. GiittiDg. 1316, ] 
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against the opinion which considers these vesicles as reservoirs of 
the semen, and inclines us to suppose with Mr. Hunter, that they 
add a peculiar secretion of their own to the fluid which comes from 
the testes. 

See Mr. Hunter's remarks on the vesiculae seminales, in his Ob* 
servations on certain Parts of the Animal Economy ^ p. 27 et seq. 

In the hedgehog these parts are of a vast size, much exceeding 
the volume of the testes. They form four or five bodies on each 
side^ consisting of a small and infinitely convoluted tube, and open 
separately into the urethra. The rodentia are generally distinguished 
by the great size of their vesicles. These parts in the guinea-pig 
are long, uniform, cylindrical cavities, containing generally a £urm 
cheesy maitter. In tne boar they are very large, and of a lobulated 
structure ; a coipmon excretory duct receives the l^ranches from the 
lobes. In the horse they form two large and simple membranous 
bags, opening near the vasa deferentia, but separately. 

§ 319. The possession of a prostate (in some instances sim- 
ple, but generally divided into two parts) is peculiar to the 
mammalia, and seems to take place in every species of the 
whole class. In many animals at least, where its existence 
has been denied, as in the goat and ram, considerable glao« 
dular bodies are found, which bear a greater resemblance to 
the prostate than to Cowper's glands..* 

§ 3S0. In many species the penis consists of a single corpus 
eavemasumf without any septum. The pig and the cetacem 
furnish examples of this structure ; and in the latter animals 
there are numerous tendinous layers crossing it.*}- 

In some species, where the act of copulation requires a 
longer portion of time, as in the dog, badger, &c. the corpus 
spongiosum of the glans, and of the posterior part of the 
penis, swells during the act much more considerably than the 
jrest of the organ, and thus the male and female are held to- 
gether during a sufficient space of time for the discharge of 
the seminal fluid.j: 

It has been doubted whether the swelling of the corjms spongiosum 

* Haller, in Comment, Soc, Reg, Scietit, Gotting. torn. i. tab. 1* 

t Ruysch, Epist: Problemat, 15, tab. 19, fig. 5. 

i 0aubentoii, torn. ▼. tab. 47 ; and W«dter, M^moii(t tur li Blaireau, in the Mi^. 
de VAcad. dB Birliu, 1792, p. 20. 
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in dogt dot* not IVeqiiently occuion a jirotrHcted and painful adhe- 
itM MBg aAer (he purpoiea of coition ate completed, but Blunteii- 
hMlit'i explanation coincides with that of (he Botnan poet and 
pbymlogiit. 

■' Id lri*ili oon *wpc cinei dUi^rit a*«Btea, 



Lucytt. lib. iv. 

In (he (luadiutnana and bats the penis hangs loose from the pubis 
SI in man. In most of the other mammalia it is contained in a 
riwalh of the intrgiiments, which extends nearly to the navel. This 
■heath haa an addiicior and a retractor muscle. The penia is geae- 
n&y folded when drawn within the sheath, on account of ila Unigtb. 
In aome animals it ttkrns hack when it has reached the front of the 
pubis, and passed out near tlie anus ; this is the cose with the guinea- 
Di|;, marmot, and squirrel. It goes directly backwards from tlie 
beginning in the hare, rat, dormouse, and opossum, where the pre- 
puce is found close to the anus. 

The corpora cavernosa form a cylindrical ring in the kangaroo, 
and the urethra passes in the centre. 

Mr. B. Clark has given us the following interesting observations 
on the penis of the liorae, in his description of the analomy of that 
Ulimal in the inA vol. of Rees'i Cychptedia, art. Anatomy of the 
Hone. 

" We have remarked tjiat the penis of tlie horse possesses a volun- 
tary power of ereclion, not known to ihe human, nor perhaps lo 
most other animals. J'his power is exerted on making water, and 
though the erection is not very considerable, it is yet sufficient to 
bring the penis from its sheath, wjiich is effected apparently by its 
increased gravity, from blood accumulating in the cavernous cells of 
this part. Afler staling this semi-erection of the penis subsides, 
and it is again retracted within the sheath. This operation, though 
occurring daily to the sight of every one, has not, it is apprehended, 
been noticed by any veterinary writer. 

" The urethra of the horse is muscular from one extremity to iht 
other, being formed on the outside of strong transverse fleshy fibres, 
and supported by a strong ligament, 

" In the glans of the penis, immediately over the opening of the 
urethra, cmernally, there is a large cell or cavity, smooth on the in- 
side, and lined with a membrane which secretes a brown unctuous 
substance for the lubrication of the penis, and defending it from the 
corrosive effects of the urine ; another cell of a similar description 
with the former is observable on the side of the urethra, and nearly 
surrounding it ; it is separated from the former by a membranous 
partition. 

" The apparently unctuous secretion above described ia miscible 
with water ; it burns, however, in the fire like an oily substance, tui 
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is not M^ble in spirits of Wine or nitrous add, nor does it dry on 
exposure to the air during several weeks. 

<* There is nothing resembling a firenum to the penis of the horse. 

** The cayemous body has no longitudinal septum. 

'^ Another singularity in the genital parts of this animal is, that 
there is an immense congeries of veins, lying on the back of the penis, 
which are filled during copulation, forming an elevation neany as 
large as the penis itself; these veins communicate with both the ca« 
yOTnom and spongious bodies/' 

k 3S1. Several species of maitimaliai both among those 
which posE^ess no veslculae seminales, and thereby require a 
longer time for completing the act of copulation, and those 
which are not distinguished by this peculiarity, possess a pecu* . 
liar bone in the penis, generally of a cylmdrical form, but some- 
ifanes grooveid. This is the case with some of the simue, most 
of the bat'Mnd, the hamster, and several others of the mousC' 
kind, the dog, bear, badger, weasel, seal, walrus, &c. A simia 
cynomotgusy which I lately dissected, had a small os pems^ 
with Targe vesiculae seminales. DeBneations of this bone in 
several species of animals may be seen in Redi,* and in the 
works of Meyer and Daubenton. It is somewhat remarkable 
that this bone should not be found in all the species of the 
same genus. Thus it is wanting in several sindce, in some 
bcUs, and in t\xe^ hyena of the dog-kind.f 

% 322* In most of the male animals of this class the urethra 
runs oa to the end of the glans, and forms a common passage 
for the urine, prostatic liquor, and semen. In some few spe- 
cies, the piassage which conducts the t,wo former fluids, is dis- 
tinct from that of the seminal liquor. The bifid fork-fike 
glans of the opossum% has three openings, one at the point of 
bifurcation for transmitting the urine ; and two for the semi- 
nal fluid at the two extremities of the glans. The short ure- 
thra of the ormthorhynchus paradoxus opens directly into the 

t 

* J>e FtMRtt6tu intra Viveniia, tab. 26. 

f See J. F. Hermann, OhttrvaU ex OsUoiLcomiparaU Argent. 1792, p. 1^. 

X C!owper, in the Philoi. Trans* yoI* zxiv. p. 1583, fig. 2-5. Among other ptcii- 
liai^es of l3us nngulkr animal it may be mentumed, that the penis Uetl behind die 
acrotHnu 
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cloaca, and the large penis of the animal serves merely to con^ 
duct the seminal fluid. It divides into two parts at its extre* 
mity^ and each of these is furnished with sharp papillae, which 
are perforated for the passage of the semen.* A similar 
structure obtains in the omithorhynchus hysirix^ where the 
penis divides into four glandes.f 

§ 323. In some species of the cat-kind tlie glans is covered 
with retroverted papillae, which, as these animals have no ve- 
sicular seminales, may enable the male to hold the female longer 
in his embraces. In a collection at Hanover there is a penis 
which must have belonged to a tiger, or some similar species ; 
where the lower part of the glans is furnished with two strong 
homy processes divided each into three points, which are 
turned backwards. Similar horny processes are found in the 
penis of the savia p€u:a* 

§ 324. Lastly, it deserves to be nxentioned, that in some* 
species of this class, the male penis, while unerected, is turned 
backwards, so that the urine is voided in the male in the same 
direction as in the female. The hare^ lion^ and camel, affi>rd 
instances of this structure. But the statement which has been 
So often repeated since the time of Aristotle,]; that these rC" 
tromingentia copulate backwards, is erroneous. 

BIRDS. 

§ 325. The testes, which lie near the kidneys, and the cbe- 
tus deferenteSf are the only male organs which are constantly 
found in the whole class.§ 

In a very few instances, as in the cockf the last mentioned 
canals terminate in a dilated part, which has been considered 
analogous to the vesiculae seminales. Instead of a penis, most 
birds have in the cloaca two small papillae, on which the semi- 

• Home, in the PAOm. Ttam. 1802, tab. A, fig. 1. 

t Ibid. tab. 12, fig. 1. . 

X Historia AnimaUum, II. 1, Y. 2 ; and. J>0 ParHbui 4nuiud. INT. 10. 

( G. G. Tannenbeig, SpicUeghua Ob$inMtiaiwm ctrea ParUt GmikaUi Matcuht 
4vmm. Ooetting. 1789-4. 
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nal ducts terminate. . This is the case in the cocfi, turkey , apd 
pigeon. 

Some few species have a simple penis of considerable lengthy 
which is ordinarily concealed and retracted within the cloaca; 
but remains visible externally for some time after copulation. 
It forms a, long worm-shaped tube in.th^ dmie/^ an4 consti- 
tutes a groove in the osirich, which is visible when the animal 
discharges its urine. t 

The testes of birds consist of a congeries of seminal tubes analo* 
geus to those of the mammdia: 

♦• ' ■ . . . . 

■ ~" ' ... , , ■ 

AMPHIBIA. ^ 

$ 326. The kidney, testes, and epididymis, lie close together 
in the testudines^ but each of. the three organs may b,e distin*. 
guished, by it» peculiar colour and structure, on the first vierw. 
They appear to have no vesiculsB seminales ;!): I could at least 
discover none in a tesiudo grceca which I lately dissected* 
The penis, on the coo^ary, is very large, and retracted within 
the cloaca in its ordinary state. Instead of an urethra, this 
part ciontains a groove, whose margins approach to each other, 
when llie part is erected, so as to form, a closed canaL This 
may be compared with the groove-like continuation of tl^e 
oesophagus, which goes into the third stomach of ruminating 
animals. The glans terminiEites in an obtuse hook-like point, 
iMHsewhat resembling the end of the elephant's trunk. 

S 327. Frogs ^ have large vesiculse seminales, and a small 

* De Graaf De Mulierum OrganU, tab. 17. Tannenberg, tab. 1 and 2. 

ibid, tab, 2 and 3 ; also Home, loe. eitaU tab. 12, fig. 2. 

t Ciivier, in the first part of the M4nagerie du Museum National, - - % 

t I should not express myself with uncertainty on this subject, if liebeikuhn hfd 
not ascribed vencnls seminales to the turtle, (he does not mention the species) G. 
£. Hamberger, Phyaol, Med, p. 712. 

There is much obscurity in the different descriptions of the male organs of gene- 
ration of the turtle and tortoise. The various observations on this sul^ect are col- 
lected by Schneider, in his Natural History of the Genus Testudo, p. 129. See also 
Gilibert, M^ieein Naturaliste, 1st' series, tyons, 1800-8, p. 290 j and Bojaniw, in 
the work above cited. 

§ Rosel, tab. 6, fig. 1, 2, and 3, tab. 6, fig. 1. 
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|Nl|»IU in the doica instead of a penis. Both these parts are 

wanting in the load* 
% 338. Crocodiles have a simple penis, while the Uzardi of 

this eonntrjr (Grermany) have two ; and the vicUer-^newt, which 
[ does not copulate, has no organ of the kind. 
I % S29. Serpents have long slender testicles, no vesiculae se- 

ninates, but s doable penis, each of which has a bifid point 

covered with sharp papillact 



I 380. The male organs of generation possess very different 
K Itructures X in ^^^ difierent orders of ^is class. We shall 
Ctke two species as examples, the torpedo for the cartilaginous, 
and the carp for the bony fishes. 

In the former instance there are manifest testicles, consist- 
ing partly of innumerable glandular and granular bodies, and 
partly of a substance like the soft roe of bony fishes. We 
find also ttasa deferenlia, and a vesicula seminaUs, which openi 
into the rectnm by means of a small papilla.^ 

The soft roe supplies the place of testes in the carp,| and 
moat other bony fishes. It forms two elongated flat viscera of 
a white colour, and irr^ular tuberculated surface : placed at 
the sides of the intestines and swimming-bladder, so that the 
left encloses the rectum in a kind of groove. Through the 
middle of each soft roe passes a ductus deferens, which opens 
behind into a kind of vesicula seminalis, and this terminates in 
the cloaca. It is a curious circumstance that hermaphrodite^ 



■ tbid. Ub. 31, Bg. 35 and 36. 

t Tjlon, iDfliePUJoi;IViifu.vol.xiu.tab. 1, Gg. 2, in tin rattleauUit, audfig.S, 
in the vqwr. 

Franque Dt Serptatium qtuirundam Cmilalibui. Tidnug. 1817. 
t Fh. CiLVoUm U6«r dU Eneugting der Fiicht und der Krtlai mil Anmtrkungm ttii 
A. W. Zimmerauim. BerliD, 1792, Svo. in German. 



De Graaf, Porlium Gmitalium Dtfensia, p. 253. 

$ Loraniioi, tab. 4, lig. 4. See alio Monro's Phyiiotegy of Fahti, Ub. 11, 12. 

H Petit, in the Mfm, dt I'Acad. da Sc. 1733, Ub. IT. 
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possessing the complete organs of both sexes, are fimnd very 
frequently in this species ; much pftener than among other 
fishes.*. 

' I possess the whole viscera of two such indviddiialsy which 
were found some years ago within a short time of eatAk other* 

INSECTS. 

$ 331. The animals t of this class exhibit such numerous 
varieties of structure in the different orders, genera, and spe- 
cies4l that we shall be contented with choosing two of the lat- 
ter as examples. These are, the moth of the siU^-womi, (bom* 
b^x mori) which is chosen because its genital organs reseia- 
Ue those of some of the more perfect red-blooded animala; 
and a species of locust (grt/Uus) oh account of the external te^ 
aemUapce between the male and female organs. 

In the latter {gryUus verrueivarus) the large testicles, with 
their convoluted fasciculi of vessels, bear a very close resem- 
bliince to the ovaries, in which the ova are collected into simi- 
lar bundles.} 

In the moth of the silk<-worm we distinguish, besides the 
testes, long vasa deferential even a kind of vesiculse seminales, 
and a very considerable penisy with a hook-shaped glans^y 



* See AHscher, in the Bre^lau ColUctioM, 14 vers, p. 645. Schawlbe> in tiie 
CbmnMrc LiU Noric, 1734, p, 305 ; and Morand, in the Hiti, dt I* Acad, dei Sc, 
1737, p. 51. 

• f See Henrich Schaeffer De generatione Intectonm, partibusfue ei ifuervUntihui, 
lAltsh. 1821. 

t See a representation of these parts in the searabatu ruuicomu, by Swaiuptr* 
dam, tab. 30 ) in a large water-beetle, tab. 22 ; in the fiepa eUMreOf tab. 3 ; 19 the 
ptqnHo urtukB, tab. 36; in the ephemera hararia, tab. 14; in the drone, tab. 31 and 
22 ; in the musca eameUon, tab. 42 ; in the mtuea putris, 43. 

In a cicada, Malpighi De Bombyce, tab. 11, fig. 2. 

In a crab, Cavolini, tab. 2, fig. 10, 11. In the cancer Bemhardiu, Swimmerdam^ 
tab. 11. In the erawfi^, Kosel, vol. iiL tab.i90. 

§ Rosel, vol. ii. tab. 9, of the locutts, 

I Malpighi, tob. 10, fig. 1. Swammer4ain, tab. 28, fig. 3. 
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§ Sfte. From Uiis class we shall select two instances.* The 
one t> on intestinal worm, {atcaris lumbricoides) and derives 
liierefore some interest from its connexion with nosology. 
The eullle-fith, of the class moUusca, forms the other, and b 
scU-cted on account of the remarkable peculiarities in its male 
organs. 

The ascaris has one testis, occupying nearly the middle of 
the animal's body, and consisting of a single vessel convoluted 
into a long bundle, hut admitting of being unravelled with fa- 
cility, when it appears to he about three feet in length. To- 
wards the posterior part of the worm it forms a larger tube, 
which nearly equals a crow's quill in size, and becomes con- 
nected to the penis, which lies concealed near the tail, and is 
probably projected at the time of copulation .f 

Dr. Hooper states that he has never found any distinction of ses 
in these womiB, but that they all possess the parts described as be- 
longing to the female. 

See the acconnt compiled by him in the Mem. of the Land, Med. 
Soc. vol. V. p. 237. Yet Dr. I3ai!lie has given a figure of the male 
worm, aimibr to that of Tyson, but it is copied from Werner. Fasck. 
4, pi. 9, fig. 2 and 4. The representation of Cuvier agrees with that 
of Dr. Hooper. Lf^ont d'Anat, comp. torn, v, p. 187. 

The male organs of the cuttle-fish {sepia loligo) have ex- 
cited particular attention, from the remarkable, and indeed 
somewhat heightened descriptionwhichTurbervilleNeedhaint 
gave of them, and which formed the basis of Buffon's theory 
of generation.§ 

■ For the male organi of such vermES as hive the generative parts of both mjlh 
ocnibiaed in each iDriividual, see Swammerdam, tab. 8, fig. 9, wheie they are repre- 
■ented inthe jiug. 

For those of the ajjjyri*, elio borealU, and trilimia. See Cuvier, loco eilato. 

Of the Upoi hiluniu, PolL, vol. i. tab, 4, fig. 13. 

Of the hrla pamalia, Swammerdain, tab. 5, Hg. 10. 

t TyBon, ia«iePftil«. Trans, vol. J[iii. p. 161, fig. I. 

J KauvtlUi Olmrvaiiinis MKraseopiqua, tab. 3 and 4. 

* Hataite NatuTtiU, torn. ii. p. 230. 
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The part which corresponds to the soft roe of bony fishes, 
contains at the spawning season several hundred small tubular 
seminal receptacles (about four lines in length); these are 
placed in bundles towards the vas deferens, and are contained 
in a thick fluid. These tubes are expelled from the body in 
an entire state, when a spiral vessel, which they contain, toge- 
ther with the semen, as in a sheath, bursts their thin anterior 
extremity, from which the semen escapes and impregnates the 
spawn of the female. 
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CHAPTER XXIV. 

ON THE FEMALE ORGANS OF GENERATION. 

§ 333. An ovarium is the most essential and universal of all 
the female parts of generation. In addition to this, those 
animals which breathe by means of lungs, as well as some 
fishes^ and several white-blooded animals, have also oviducts 
(Fallopian tubes, &c.) or canals leading from the ovarium to 
the uterus ; and lastly, those at least which are impregnated 
by a real copulation, possess a vagina, or canal, connecting 
the uterus to the external organs of generation. 

In birds, all the parts which we have just mentioned are 
single, excepting the ovaries, which in many birds are double. 
Some cartilaginous fishes have two oviducts, beginning, how- 
ever, by a common opening, and terminating in a simple ute- 
rus. The human female, as well as that of many other mam- 
malia, has two ovaria, with an oviduct belonging to each, a 
simple uterus, and vagina. The females of this class, in seve- 
ral other instances, possess an uterus bicomis; and, in some 
cases, the generative organs are double throughout ; that is, 
there are two uteri, and, at least for some extent, a double va- 
gina, as in the opossum. (Vid. Plate VII.) 

Ovaria are found in the feraales of all animals where the male pos- 
sesses testicles ; but their structure is in general more simple than 
that of the latter glands, particularly in the first class. These bodies 
were formerly called the female testicles, but the term ovary is much 
preferable, as it denotes the function which the parts perform ia the 
animal economy. For, if the office of these bodies be at all dubious, 
when their structure is considered in man and most of die mammalia, 
their organization is so evident in the other classes, that no doubt 
can be entertained respecting their physiology. It is manifest in all 
these, that the ovaria serve for the growth and preservation of the 
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germs, or ovat which exut in these bodies oompletdy finrmed befinre the 
act of copulation. Analogy leads us to conclude that these bodies have 
the same office in the mammalia, and thus our explanation and illus- 
tration of this most interesting part of physblogy are entirely derived 
from researches in comparative anatomy. 

MAMMALIA. 

§ 834. Of the external female sexual organs in this ckss, 
the clitoris is most generally found,* for it exists even in the 
whales,+ and probably is wanting in no other instance than the 
omithorhynchus4 

As this organ, in its general structure, bears considerable 
resemblance to the male penis, it contains a small bone in se- 
reral species of mammalia, as the marmota citillus, the racoon, 
{ursus lotor) the lioness, the seorOtter, &c. In the opossum 
it possesses a bifid glans, like that of the penis, (Vid. Plate 
VII.) The analogy between the two organs is carried so far 
m the lofi, {lemur tardigradus) that the urethra runs through 
the organ and terminates on its anterior extremity.} In the 
rat, the domestic mouse, the hamster, &c. tho clitoris and the 
orifice of the urethra are placed at some distance from the 
vagina, and in front of that part. This structure has some- 
times been mistaken for a preternatural hermaphrodite for- 
mation.! 

In consequence of the horizontal position of the body of quadru* 
peds, the clitoris is at the under-margin of the orifice of the vagina, 
instead of the upper one, as in women. 

* limuens consideTed this oigan to be a peculiar mark of distinction between the 
human female and that of the amis ; whereas^ in the latter animals, it is generally 
xemarkably large. I found it of veiy considerable magmtude in a mandrill, (ftfk 
msimaiC) which I dissected. 

t Tyson's Anat. cf a Porpoise, tab. 2, fig. 3. 

In a balana boops of fifty-two feet in length, this part was veiy laige, eyen in pro* 
portion to the monstrous size of the animal. 

t Home, in the PhiU Trant. 1802, p. 81. 

$ Anbert, Hut. Nat, du Smgm, tab. 2, fig»8, of the anatomictl fignretb 

I J. J. Dobel, in Nov. lAtrntr. Maris BdtMei, 1090, p. 930. 

Jo. Fkber, in his remains on F. Hernandez, PUmtttr, &e. Metieanar, Histor, p. 
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' Ii is much Urger in llic simite ih&n in women. The lemur, (macau- 
eo) (he eomivora, and most of the rodmtia, have U also very large. 

None of Uip mamnialiB posseas nympliw ; and ihere is generally 
merely a ihin border of tlic integumentH instead of labia pudendi- 

^ 835. A tnic hymen, or one at least, which in form and 
situation resembles that of the human subject, has been ob- 
served in no other animal. The well-known men>brai)f)U^ 
valve, covering the orifice of the meatus urinarius in the va- 
gina of the mare, can by no means be considered as a hymen-' 

C'uvicr con«idera the opening of the urethra as forming the dis- 
tinction in quadrupedB hetween the vulva and the vagina ; now this 
aperture is situated in many animals at a considerable distance with- 
in the exiemal opening of the genitals. 

There is a contracted circle in this situation in the atter, dog, cat. 
and ruminating animals, which he considers as analogous to the 
hymen. He mentions also the existence of a considerable fold in tlie 
bear and hyeua, in this situation ; and that he has found a maoifesl 
hymen in the hyrax. According to the same author, the mare and 
an, and some of the simige, have an analogous structure. Hence he 
concludes, that the hymen is not a part exclusively peculiar to die 
human species. Le^oni d'Anal. conip, torn. r. pp. 128, 133. It 
ftppears, however, clearly from his own descriptions that the parts in 
the above-mentioned animals only bear a remote resemblance to the 
l,.,m.„ l,,„c„. 

% 336. The vagina of quadrupeds is distinguished from 
that of the human subject by two chief characters : its direc- 
tion, and the structure of its internal surface. In consequence 
of the form and position of the pelvis, this canal lies in the 
same axis with the uterus, or at least with the neck of that 
organ. The glandular membrane, which constitutes its inter- 
nal coat, forms none of those extremely elegant transverse 
plaits, which distinguish it in the human female, but is merely 
folded longitudinally. If transverse folds exist in any instance, 

• Ruini, p. 164. Diubenton, torn. jv. tab. 4, Rg. 2; and tab. 6. 

Bourgelat, toco citoio, p. 393. 

Brugnone, Mim. de eAcad. dts Sc. de Ttirin, loin. iv. p. 406. 

The desciiption of a simiiar part inthemanali of Kamtschatka (iric fcecftuimiraalw) 
may be seen ia the JN'ou. Cmurwnl. Acad. Ptiropolitan. torn. ii. p. 308 ; and on lit 
hytDCD in animals consult Duvertioy, in Cbe HimATts jiritenlii iVhatitut. diFrvaa, 
Scs. Phyiiqiia, torn. ii. p. 89. 
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they are either confined to the immediate neighbourhood of 
the external opening, as in the cow; or, if they extend farther, 
as in the simiae, they do not possess that regular arrangement 
or. beautiful formation which are displayed in the human 
female.* 

Dr. Gartner of Copenhagen has recently called the attention of 
anatomists to the existence of two canals in the vagina and uterus of. 
the coWf and some other mammalia. These canals commence in the 
neighbourhood of the FaUopian tubes, and open into the vagina near 
the meatus urinarius. They exist also in the sow ; neither age nor 
gestation makes any difference, they are always present. In the sow 
these canals commence by two openings situated on the sides of the 
orifice of the urethra, run obliquely from within outwards, in {he 
substance of the parietes of the vagina, and also a litde upwards,' 
tlius describing a curve. In this course they receive lateral branches 
<^ming from tne neighbouring glands, the union of which forms a 
mass rather analogous in its external appearance to the pancreas ; 
they diminish necessarily in size as they receive fewer of these small 
lateral ducts, and especially in the part of the parietes of the vagina 
which is continuous with the cornua of the uterus. They are always 

Eesent, but are found more developed a short time after conception., 
a souf^ whose uterus contained some foetuses from two to three 
inches in length, the diameter of these canals was very cohsider"^ 
able ; they extended even in the substance of the broad ligaments 
to within a few inches from the ovaries, where they apparently ter- 
minated in several small glandular bodies. The prolongation of these 
cluoials into' the' broad ligaments was very evident; their appear- 
ance was white and opaque, but it was easy to inject them with: 
quicksilver ; in some points they were considerably, and appeared in 
some others completely obliterated. 

r In the cow^ the vaginal orifice of these canals is larger, situated 
more in front, and on the side of the meatus urinarius ; these caiihls 



* A representation of the vagina of the tnare laid open, may be seen in Dauben- 
ttm, torn. iy. tab. 4, fig. 2. 

That of the cow, in Nic. Hoboken, Anat, Seeundirus Vitulina, Ultraject. 167$, 
8vo. fig. 3 ; and in J. G. Eberhard, Over het verlotten der Koeifen* Amsterdam, 
1793, 8vo. tab. 1. 

Of the enoe. Fab. ab Aquapendente, Deformato Ftetu, tab. 17, fig. 35 and 36 ; 
^d Pe Graaf, De MuUerum Organis, tab. 20. 
', Of ih^hind, Daubenton, tom. vi. tab. 17. 

Of ^e rat, ibid. tom. viL tab. 38, fig. 3. 

Of the genet, (yiverra genetta) ibid, tom* ix. tab. 37, fig. 2. 

Of the panther, ibid. tab. 16. 

Z 
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wn continued tho whole Icnj^h of the lateral parietes of [he vagina, 
nearly to a level witli ihe orifice of the uterus, where they appeared 
lUl of a Builtlen to terminate. But an attentive examioation abewed 
thai thry prndrntc into the cellular lubaiancc on the neck of the 
womb, nnil re-appear on the body of the uterus, along which they 
Are continued to llie cornua, and thence to within a short diatance 
from tlie ovarie*. These canals are invariably to be found in thfi 
eourae which we have just mentioned. In some young cowt the ute- 
rine portion of these canals is extremely fine ; in othera, on the 
GODirary, it in Mmcwhot dilated. The part of the canals correspond- 
ing to the neck of the uterus is subject to several varieties, resulling 
principally from the age and the gestation of the animal. See Tht 
Laneet, vol. ix. p. 273, 

I 337. The structure and form of the uterus vary very con- 
uderably in this class. In no instance doea it possess that 
tliicknesa, nor has its parenchyma that density and toughness 
which are observed in the human female.* Of those which I 
have dissected, the simia 3t/lta?ms had comparatively the firmest 
uterus. The fwo-ioed ant-eater came the next in order in this 
respect. But in the greater number of mammalia this organ 
is thin in its coats, resembling an intestine in appearance, and 
provided with a true muscular covering. 

^ ,138. The variations in form of the impregnated uterus 
may be reduced to the following heads : 

1. The simple uterus without horns {uterus simplex) which 
is generally of a pyramidal or oval figure. This is exemplified 
in those animals where we have stated that it possesses thick 
coats. Its circumference in some smice presents a more trian- 
gular form than in the woman : and towards the upper part, 
in the neighbourhood of the Fallopian tubes, there is an ob- 
scure division into two blind s.-icsf (as in the gibbon, or lot^- 
armed ape) ; this distinction is more strongly expressed in the 



• " Uterus humaims," (says Ilaller,) "at omnijm onimatiuin uteris differt, ju« 
tgo inc'idirim. Quajnpedum uttrui lenis eal mimiilas, pent til tesophagui. Crojwr 
tliam tsl ill homini qiiam in vlla a„i:,i„lir F.lement. Physiol, torn. vli. pt. 2, p. 50. 
" Tbe human utenis U diflereni from tbat of all aoimala which I have met *i^' 
In quadrupeds this orgiu it a true muscle, somethiug like th« cesophagui, 
tbicker in i " ' * ' " 



t Daubentod, torn, liv. tab. 5, fig. 2, 
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lorif (lemur tardigradus) so as to form a manifest approach to 
the uterus bicomis.* 

2* A simple uterus with straight or convoluted horns (uterus 
bic&mis). They are straight in the lntchi\ in the rizcoon, in 
the &a^^ of this country, (Germany) in the sea-otter, seal, &c4 
somewhat convoluted in the cetacea,% mare,^ and hedgehogs 
aaSi still more tortuous in the bisulcaA 

3. A double uterus, having the appearance of two homs^ 
which open separately into the vagina; this is seen in the 
AnTf^,^* mole, and rabbit'\^ (uterus duplex). 
' 4. A double uterus, with extraordinary lateral convolutions^ 
is met with in the opossum and kangaroolj^ (uterus anfractuo' 
sus). Fid. Plate VIL 

After I had dissected this curious part in a fresh opossum^ I 
began to understand the obscure and in part contradictory 
descriptions given by others, and I trust that the plate (vii) at 
the end of this volume will be fotuid not only intelligible, as 
compared with those by Tyson, Daubenton, and several others, 
but sufficiently clear to give an idea of these parts to those 
who may not have had the opportunity of dissecting them. 

: Ai 'the process of generation in these singular animals deviates 
Fery considerably, in some of its parts, from the same fmiction, as ob* 
served in the other mammalia, a considerable difierence is found in 
the generative organs ; of which, as the subject is a very interesting 
one^ we shall present the reader with a more detailed description, as 

• niid. tab. 31, fig. 4. 
t Vesalius, p. 585, ed. of 1555. 

% Danbenton, torn. ix. tab. 16, of the panther; tab. 33, of the civet ; tab. 37, fig. 
^, and tab. 38, 39, of the genet; torn. xiii. tab, 51, of the seaU 

§ Tyson» tab. 2, fig. 3. 

I La Fo88e» tab. 45, 46. 

• ^ It 18 represented in the iheep, by De Graaf, tab. 20. 
In the cow, by Hoboken, fig. 29, 30 ; by Eberhard, tab. 1. 

' ** Daubenton, torn. vi. tab. 45. 

ft De Graaf, tab. 25 ; Daubenton, loc, eit, tab. 56. 

It Home* in the PHUot. Trant, for 1795^ tab. 18, fig. 1 ; tab.' 19^ fig. 3 ; for 
1808, p. 310 ; and 1810, pt. 2. 

a 2 
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well with reference to the male as to the femide, from the drd vol. of 
Sir. £. Home's Lectures on Comparative Anatomy. 

With respect to the male organs of generation, Sir E. Home found 
set the orifice of the prepuce, two delicately formed processes of a 
very bright red colour ; the orifice of the urethra lay between them^ 
with a groove extending to the point of each ; they were half an 
inch long, and bore an exact resemblance to the double tongue of the 
snake. 

From this mechanism it will be found, that in the act of copulaticHi, 
the double glans is not denuded till the penis has arrived at the end 
of the vagina, being too delicate to bear the resistance of the more ex- 
ternal parts. 

The testicles are pendulous, hanging in a scrotum, with a narrow 
neck, a little before the common opening of the anus and the passage 
for the penis. 

In the female, the organs of generation do not appear externally, 
there being one common opening surrounded by cuticle covered 
with hair ; for both the vagina and rectum, and the two canals, are 
separated from one another, by means of a septum of no considerable 
thickness. 

The common orifice is projected beyond the bones of the pelvis 
above two inches, and this prominent portion admits of consiideraUe 
motion. 

At the external orifice of the vagina is situated the clitoris^ which, 
when compared with the other parts, may be said to be large ; it is 
inclosed in a preputium ; a little way further on in the vagina, are 
two orifices, the openings of the ducts of Cowper's glands. The va- 
gina itself is about an inch and a half in length, beyond which it leads 
into two lateral canals ; and on the edge formed between them, opens 
the meatus urinarius, leading to the urinary bladder. 

These canals are extremely narrow for about a quarter of an indi 
in length, and at this part their coats are very thick ; they afterwards 
become more dilated and membranous ; they diverge in their course^ 
and pass upwards for nearly four inches in length ; they then bend- 
towards each other, so as to terminate laterally in the two angles of 
the fundus of the uterus. 

The uterus is extremely thin and membranous in its coats, slightly 
infundibular in its shape, and situated in the middle line between the 
two canals. 

In the virgin state it is impervious, so that at that time there 
is no communication with the vagina, except by the lateral canals. 

The same internal membrane that lines the lateral canals, appears 
to line the uterus ; it is throvfrn into folds equally so in the uterus and 
canals, and a broader fold than the rest marks a division of the uteius 
into two equal parts. 

The ovaria and fimbriae resemble those of quadrupeds : the Fallo- 
pian!, tubes follow nearly the same course to the uterus as in the 
quadrupeds ; but a little way before they relu^h it they dilate consh- 
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derablyt fiirming an oval enlargement, the coats of which are much 
flicker than those of the other parts, and the supply of blood* vessels 
much greater, so that there is no doubt of its performing some pecu- 
liar office ; beyond this part the tubes contract and pass perpendicularly 
through the coats of the uterus at its fundus, and terminate in two 
projecting orifices, one on each side of the middle ridge just men* 
tioned. 

The ovaria in the kangaroo are similar to those of quadrupeds in 
general, have corpora lutea produced in them, and in these the ova are 
Sirmed. When magnified four diameters, the appearance of the 
structure of the corpus luteum is beautifully distinct. 
: From these examinations it would appear that commonly the kan* 
garoa has only one young at a time ; for although in one ovarium 
there are the rudiments of two corpora lutea, they are in different de- 
grees of advancement. 

It is evident that 1>oth ovaria are forming corpora lutea at the same 
time, but they are in very different stages. 

As the ovum in this animal is not afterwards to be attached to the 
uterus, there can be no doubt that the thickened oval portion of the 
Fallopian tube, near its termination in the uterus, which extends to 
the depending orifice, is to supply something analogous to yolk, 
which is to attach itself to the ovum before it drops into the cavity ; 
it is afterwards supplied by albumen from the internal surface of the 
two lateral tubes; in the same manner as albumen is formed in the 
oviducts of birds. 

The structure of the coats of the oval enlargement of the Fallopian 

tube is of a very uncommon kind ; it does not resemble any known 

gland in the body employed for secretion ; the yolk is oil or fat in a 

most exceedingly concentrated state, which, according to Sir E. Home, 

is formed in the intestine generally, but in some animals in the 

liver ; and after being received into the circulation, is deposited by 

;^tfae terminations of arteries whenever wanted. Nothing can better 

accord with this idea, says Sir £. Home, than the apparatus set up 

lin %he Fallopian tube ; there is an arterial trunk at some distance, of 

. considerable size, which sends off* an infinite number of branches, 

. nearly of the same length, and all terminating in this oval portion of 

the tube. This is perhaps the only structure to be met with of the 

.kind, probably also the only occasion in which concentrated oil is re- 

. quired to be suddenly collected. 

When the ovum arrives at the uterus, it is enveloped in an abund- 
ant quantity of albumen. There was nothing like shell, and the soft 
ovum had been too long preserved in spirit to retain its natural ap- 
pearance, it was reduced to a pulp. The uterus and the lateral tubes 
• Were filled with this jelly, and the os tincse plugged up with it; the 
, lateral tubes were open into the vagina. In the cavity of the uterus, 
in the midst of this coagulated jelly, was a small portion of the rudi- 
^ments pf a foetus. 

The mode in which impregnation takes place, has not been satis- 
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&ctorily explained ; but Sir E. Home has now no doubt that the 
semen is conveyed into the uterus through the two lateral canals, and 
is there applied to the albumen in which the molecule corresponiding 
to the human ovum is enveloped, and the embryo is afterwards 
aerated by means of the atmosphere through the openings into the 
lateral canals from the vagina. 

How long it requires for the ovum to be hatched in utero, is not 
even at this day ascertained ; whenever that happens, the young is 
propelled into the marsupium through the os tincse which opens 
for that purpose. There it becomes attached to the point of the 
nipple. 

The mammae are two in number ; each of them has two nipples ; 
they are not placed upon the abdominal muscles, as in other quadnir 
peds, but are situated between two moveable bones connected to the 
OS pubis, and the mammae are supported upon a pair of muscles 
which arise from these bones, and unite in the middle between them. 

These mammae are covered anteriorly by the lining of the false 
belly, and the nipples project into that cavity ; this covering is simi- 
lar to the external skin, having a cuticle, and short hair thmly scal^ 
tered over its surface, except at the root of the nipples, where there 
are tufls of some length, one at the basis of each. 

The mammae are supplied with blood from the epigastric arteries. 
The mammary branches run superficially under the false belly till 
they reach the mammae. There is a strong muscle which comes 
down from the upper part of the abdominal muscles, and adheres 
firmly to each of the mammae ; this prevents the gland from being 
dragged from its natural situation while the young is suckling. 

ITie two bones that lie behind the mammae deserve a particular 
description, as they are met with in the whole tribe that hare ftlse 
bellies, and are not even peculiar to them, in some degree belonging 
to other animals, as the crocodile; they go to the mammae, ana 
have no other use but what is connected with the motioh of these 
parts. 

They are about two inches and a half long, are flattened, and at 
their broadest part measure nearly half an inch ; they are attached to 
the projecting part of the os pubis, which is fitted for that porpose, 
just before the insertion of the recti muscles ; this attachment to the 

?ubis is by a very small surface, and admits of considerable motioii. 
'hey have likewise a connexion by a ligament half an inch in breaddi, 
to the ramus of the pubis which joins the ileum. From their basei 
which is united to the pubis, they become narrower till they termi- 
nate in a blunted point. These bones have a pair of muscles inserted 
into their base, to bring them downwards and outwards; aAodMsr 
pair is connected to their blunted extremities to bring them forwards ; 
a pair of broad flat muscles fills up the whole space between tboofiii 
arising from their inner edge through its whole length ; these lilt 
serve as a sling to support the mammae, and also to brng the' bonis 
jtowards each other. 



ON THE FEMALE ORGANS OF GENERATION. 343 

Besides these additional bones, and the projection to which they are 
attached, there is another peculiarity in the structure of the pelvis of 
ihe &male ; th^ two rami of the os ischium which join the pubis, have 
no notch between them, as in other quadrupeds, but form a round, 
convex surface of some breadth, projecting considerably forwards. 
The Jiur&ce itself is smooth, like those over which tendons pass ; but 
the lateral parts are rough, and have a pair of muscles arising from 
them', inserted into the skin of the &lse belly, to bring its mouth to- 
V^ards tde pudendum. 

The mode in which the young passes from the uterus into the false 
belly, has been matter of much speculation ; and it has even been 
supposed that there was an internal communication between these ca- 
vities. This idea took its rise from there being no visible opening 
between the uterus and vagina during impregnation ; but such an 
opening remaining of some size after parturition, explains the mode 
in [which the young passes out ; and the false belly or bag having 
muscles, which must, when they are in action, bring both the orifice 
and the mammae themselves close to the vulva, removes all theoreti-? 
cal objections against the young getting to the nipple ; particularly as 
the vulva has naturally an unusual projection, and the margin of the 
pelvis immediately before it is rounded and smooth, so to admit of it^ 
moving, easily in that direction. The very action of opening the 
mouth of the false belly, by bringing down the skin, will allow the 
external orifice of the vagina to be thrown still further out, so as to 
pzc^t n)ore directly over the mouth of the false belly in which the 
fcetus is to be deposited. 

It is to be observed, that as all these circumstances belong to the 
parts in a natural state, they will be much increased at the period at 
which parturition takes place> since in all animals at that particular 
time, mere are changes going on to facilitate the expulsion of the 
young in the way most favourable for its preservation. The size of 
theyoung at this period is not exactly known. 

When the young is first attached to the nipple, the face appears to 
be wanting, except a round hole at the muzzle to which the nipple, is 
applied and adheres ; soon afler, the lips and jaws grow upon the 
Digple, till at last nearly half an inch of its length is enclosed in the 
mouth. 

The kangaroo has only one young at a time, which may be seen 
attached by the mouth to the nipple inside the mother's pouch, frond 
ijae period- it is the size of your thumb -top, and as unshapely as 
a new-born mouse, until it attains the size of a poodle-dog, with 
a fine glossv coat of hair, ready to leap out and hop along after the 
pother. The young are attached by the mouth to the nipple in 
soipiewhat the same way as the placenta of other animfds is at- 
tached to the uterus, the mouth being contracted round the nipple, 
which swells out like a cherry inside it, nourishing the fqetus by way 
of absorption through this indirect channel, the mouth ^nd nipple ad- 
hering so strongly, that it requires coi^jsiderable force to separate 
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them. When the foetus arrives at sufficient age to suck, it drops aS 
the nipple, and may then he said to he horn, yet still continuing in- 
side of the pouch, and sucking milk now through the ducts of that same 
nipple, from the external surface of which it formerly derived a very 
different species of nourishment. The manner in which the young 
reach this pouch from the ovary, and attach themselves to the nipple, 
is still a mystery, as no communicating duct has yet heen found ; hut 
die natives assert they . are horn in the usual way, and' that the 
mother places them there. It is amusing to see the young kangaroo 
pop its head out of the pouch, when the mother is grazing, and nih- 
ble, too, at the tender herbage which she is passing over. When hard 
hunted, the mother will stop suddenly, thrust her fore-paws into her 
pouch, drag out the young one, and throw it away, that she may hop 
nghter along. They are always very hard pressed, however, before 
they thus sacrifice the life of their offspring to save their own ; and 
it is pitiful to see the tender sympathetic looks they will sometimes 
cast back at the poor little helpless creature they have been forced to 
desert. From this singular mode of gestation, you may handle the 
foetus in utero, and pull it about by the tail like a kitten, from the 
first moment of its appearance there, up to the very day of its birth, 
without causing either pain or annoyance to it or its mother. Suck 
is the very singular manner in which nearly all our Australian quad- 
rupeds are generated and brought forth. When the young kangaroo 
has attained a considerable size, it will crawl out, feed about, and 
creep in again to warm itself, or in case any danger approaches. 
The kangaroos feed early in the morning when the dew is on the 
grass, which is the best time to hunt them. See Cunningham's 7\oo 
Years* Residence in New South Wales. London, 1827. 

Externally there is no appearance of organs either in the male or 
female ornithorhynchus, the orifice of the anus being common to the 
rectum and penis in the male, and to the rectum and vagina in the 
female. After the most careful search, says Sir £. Home, there was 
not the slightest appearance of nipple. The male is distinguished 
from the female by no other external appearance than the spur, which 
is attached to the heels of both the hind feet ; it is half an inch in 
length, with a sharp point. There is a joint between the spur and the 
heel, admitting of motion in two directions, pne that brings it in to- 
wards the body, in which state it lies concealed ; the other throws it 
onwards, and renders it very conspicuous. 

These spurs, Sir John Jameson, resident in New South Wales, who 
has the opportunity of examining the parts in a recent state, declared 
to be tubular, and gave to the Linneean Society a paper on that subject 
some years ago ; he also mentioned that some of the natives, who 
had been wounded by them, asserted that they emitted a liquor of a 
poisonous nature. In examining the parts, after being long kept in 
spirits, no such structure was met with ; and when the spurs were 
boiled, the cavity appeared to be similar to that of the cock, only 
filled with a pulp instead of a core ; this, however, Sir E. Home has 
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ftince discovered to be an artificial appearance, the effect of coagula- 
don. Upon examining the spur in a better state of preservation, Sir 
C Home not only found a membranous tube passing through the 
spur, which has an orifice on one side, near the point ; but Mr. Clifl 
succeeded in injecting a duct leading to a gland which lies across the 
back part of the thigh, over the muscles, one inch and more in lengthy 
imd half an inch broad ; the excretory duct passes like the ureter of 
the kidney out of one side, near the middle. The quicksilver inject- 
M immediately pervaded every part of the gland ; and when die 
point of the pipe was turned downwards, ran readily to the root of 
the spur, where the duct made a turn, and formed a small reservoir. 
After a little time, however, the mucus being gently squeezed and 
pressed forward, we saw the mercury in the spur, and at last it came 
oat of the orifice. 

A secretion is emitted through the spur of the male into this 
socket, and the parts are so minute as to require glasses of consider- 
able power. Mr. Bauer examined the socket in the female, and after 
overcoming considerable difficulties, the parts being very much 'cor- 
rugated, and yet retaining their elasticity, he made out the form of 
this socket, which corresponds exactly in shape with the spur itself; 
so that when completely introduced, it must be so grasped that the 
male would be unable to withdraw it when the coitus was over, in 
this respect resembling the effect of suction. 

. The testicles are situated in the cavity in the abdomen, immedi- 
atdy below the kidneys ; they are large for the size of the anima). 
The epididymis is connected to the body of the testicle by a- broad 
meAibrane, which admits of its lying very loose. The penis of the 
niale has a structure of a very extraordinary nature. The urine does 
not pass along the urethra of the penis ; it is conducted by a distinct 
canal, which opens into the rectum, an inch above the external orifice 
of that gut. On each side at this part is a large solid body, tlie size 
of a testicle, which proves to be a gland ; each of these has a small 
excretory duct, which passes to the root of the penis, where they 
unite, and then open by one common orifice into the seminal urethra, 
one tenth of an inch after it has entered the penis. 
' ' These glands must be considered to correspond with Cowper's 
glands in the human body, and not as either a substitute for pros- 
tate gland or vesiculse seminales, since they are met with in the fe- 
male. 

in the female they are smaller than in the male. Their ducts open 
by one common aperture on the posterior surface of the vagina, one- 
fourth of an inch within the orifice of that canal. 

The penis, which is solely appropriated for the passage of the 
semen is very short, when in a relaxed state, nor is it capable of 
being much elongated, when erection takes place. The prepuce is a 
fold of the internal membrane of the verge of the anus, as in the 
birds, and the penis when retracted is entirely concealed. 

The urethra leads directly firom the bladaer to the rectum ; near 
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the iloiihle glands it dividos into two, one going to each ; and instead 
e( tlierc bi'inR h ungia oxt«riial orifice, as is usual in other animals, 
one tierminaiua in five imall proiniucnt papdls, the other in foar; 
■key take diHcTcat dirculion*, corresponding to tlie two openings of 
the uteni* of tlie fvmatc ; tbu uretlira swells out into a cavity in the 
emtre nf each glanii, and thence communicatea with all tlie papilla, 
whoK orifice> arc tho size ofhairs. When water is injected tliroa^ 
the urctbra, tho mode in which it ib scattered by the nine orifices of 
tlie papillfp, exactly reierofalcs the pouring water out of & watering 
poi. 

The vaaa defureniia open into the membranous part of the urethra 
beJbre it reaches the penis. 

The female organs open into the rectum as in birds ; just within 
the anus there is a valvular projeciion between the rectum and va- 
gina J it is slender, half an inch long, bifid at the point, and enclosed 
ta a prepuce, the end of the fflans only prajecting' into the vestibu- 
liun. The vagina is about one inch oud a half long, lis internal mem- 
brane rugous, the rugfe being in a longitudinal direction ; at the end 
of tbe vagina is the meatus urinarius, and on its two sides are the 
openings leading lo the utcra. This eorresponds as nearly as can be 
to the kangaroo and the oposium, only iu this animal tlie uterus in the 
middle of the vagina h wanting, and on each side, in place of tlie la- 
teral canals, there are two uteri in form approaching to the oviducts of 
bitds. At the end of each uterus there is a small ovarium covered by 
BCOpsule. 

When the ovarium was examined by Mr. Bauer, it was foutkd lo 
be filh-d iviili yolk bags, less deeply imbedded in its substance than 
those of the American opossum, beating a greater resemblance lo 
the yolk baga of the fowl ; and to make tliis resemblance more intel- 
ligible they were compared together ; the great dilTercnce betwe«i 
them is, the covering of the ovarium in this animal being strong and 
opaque, while there is no such outer coat in the fowl, and the 
Clutch of yolk-bags is double in the ornitkorhi/nchi, and single in the 
birds. 

There is an approach to tliis in the bird, in which there is only one 
ovarium and one oviduct ; but in the chick of the common fowl, be- 
fore it is batched, there is a small portion of an incipient oviduct wi 
the right aide ; but this disappears before the chick is completely 
formed. 

As the ornilhorh^ttclius paradoxus rcBembles the opossum tribe in hav- 
ing a vagina and a penis, these animals copulate exactly like the 
quadruped, which made it difHcult to understand where the ovum was 
brought to perfection. The uteri appeared not to be convenient si- 
tuations ; and yet, if not there, the position of the meatus urinarius 
seemed to preclude an ovum from having a shell formed in the va- 
gina or cloacus, at the rectum, a necessary protection before it could 
be laid exicrnally. 

The second series of ornilhorhi/nchui we have called hi/strix; how- 
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ever macfa it difiers. from the other in its external appeanmees 
and habits, it resembles it nearly in the organs of generation ; it 
is an inhabitant of New South Wales. One of this species was 
shot in Endeavour Bay, by Van Diemen's land ; it was seventeen 
inches long, and when it walked, the body was two inches from the 
ground. 

The animal which Sir E. Home examined was a male ; externally 
there was no appearance of organs of generation, in this respect 
being exactly 'similar to the paradoxus. Just at the setting on of the 
heel the hind legs had the same spur already described in the other 
species ; there was also a gland on the posterior part on the thigh, 
and a duct leading from it to the spur^ but smaller than in the para- , 
doxus. 

The male organs resemble those of the paradoxus in the form aD4 
situation of the testicles, the opening of the vasa deferentia, and the 
opening of the urinary urethra into the rectum, as well as that of the 
sesftinal urethra, which runs in the middle line of the penis. 

The penis is very elastic in its substance : when drawn out is about 
three inches long ; in a natural state, before it was hardened in spi- 
rit, it of course could be farther extended. The glans is divided into 
four portions of equal length, two facing to the right, and two to the 
left, so that there are evidently two adapted to each uterus. AH tlwte 
have an orifice in their centre, surrounded by concentric circles of in- 
finitely small prominent papillae. 

The female organs Sir E. Home has not seen, but the correspond- 
ence there is between those of the male in the two different kind$ii im- 
plies a similarity in those of the female. 

The hystrix in many parts of its form is a nearer approach to 
the more perfect quadrupeds than the paradoxus ; and as its tongue 
is in some respects like those of the manis and myrmecophagaf it was 
natural to look among the different species of these genera for otbfer 
points of resemblance. 

§ 339. These various forms undergo different changes in 
thepregnant state. 

'The alteration in the simple uterus is^ on the wholej^ analo- 
gous to that which occurs in the human female. 

'The pregnant f^^ert^ bicomis sufiers a different change in 
those animals, which bear only one at a time> from that which 
it undergoes in the mvUipara. The fcetus of the mare is con- 
fined in its situation to the proper uterus.* In the cow it ex- 
tends at the same time into one of the horns, which is enlarg- 



* Raioi, p. 131 el tfg* Fab«.»h.A<}a9peiideDte, t»b.20, 21. 
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ed for 'tm reception.* In those, on the contrary, which hring 
Ibrth uutny young at once, as also in the double uterus of the 
kare and rabbit, both comua are divided by contracted por- 
tions into u nundier of pouches corresponding to that of the 
joung ; and where those horns are straight in tlie uniinpregnat- 
ed state, as in the bitch, they become convoluted. t 

Tbe uterus anfractuosus of the marsupial animals under- 
goes the least change from its usual appearance in the impreg- 
nated state. For these strange animals bring their young into 
the world so disproportionately small, that they appear like 
early abortions. 

ff 340, The Fallopian tubes are convoluted upon each other 
in a kind of knob in some instances, as the simia syhanus, and 
still more remarkably in the opossum. The^mbricE are some- 
times shaped like a funnel, as in the rabbit. 

5 311, The ovaria are generally of an oval form, and have 
the ocula Graafiana buried in their parenchyma. These vesi- 
cles, however, project externally in some cases, as in the pig ; 
;where the ovaries appear tuberculated on the surface.^ Li the 
hedgehofi they are quite loose and separate, so that the ovary 
resembles a bunch of grapes, and thereby approaches to the 
structure of the bird. 

The number of vesicles appears to accord on the whole with 
that of the young which a mother is capable of producing 
during her life.^ 

The wild and domesticated races of the same species of ani- 
mals differ very remarkably in their fertility : which difference 
furnishes a new and strong argument against the supposed 
pre-existcnce of previously formed germs in the female ovary. 
The domestic soio brings forth commonly two litters in the 

■ Hoboken, fig. 1, 6, 31. Eberhatd, tab. 9. 10. 

t Fab. ab A(|U8pendente, lab. 28, of the hitch. 

Id. lab. 24, of ihe pig ; aiso Daubenton, lom, v. tab. 20, 

Id. lab. 29, of the mouK. 

Id. tab. 30, of tbe g<iinea-fig. 

t Wrisberg, in tbe Cdmmeiil. Soc. Reg. Scient. G6illing. torn, iv. p. 69. 

$ Hunter, in tbe Philia. Tnmi, vol. Uivii, p, 233. 
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year, 6ach of which consists, perhaps, of twenty young ones« 
The wild animal, on the contrary, becomes pregnant only once 
m the year, and the number of its young never exceeds ten* 
Both reach about the same age, viz. twenty years. 

A similar difference is found to obtain between the tame aUd 
wild cats ; as also between the domestic dove and the wodd^ 
pigeon. How should those domestic ammals, which descend; 
from the original wild stock, produce such a remarkabljr- 
greater number of young ones, if these are merely to be 
eyolved from germs, which have existed since the first crea- 
tion of things 2 

And the corpora lutea^* which have received this name, 
from their colour in the ovaries of the cow, are probably never 
found in the quadruped, except after impregnation. 

I have shewn in the Comment. Soc. Goetting. tom.ix. p. 109,, 
that corpora lutea may be formed in the ovaria of virgins, ad 
empty calices are sometimes met with in those of birds whiph 
have not copulated ; and have also pointed out under what 
circumstances this takes place.f 

BIRDS. 

. § 342. The female organs of generation in this class may 
be most conveniently arranged under three divisions: the ex- 
ternal parts including the cloaca; the tubtis genitalis {p^nAvLOt) 
resiembling an intestine ; and lastly the ovarium^ which is al« 
most entirely separate from the latter part. 

As the general structure of these parts is very uniform in all 
birds, we may take as an example Ae most familiarly kno^n 
species, the hen.% / 

§ 343. The external opening of the genitals consists of a 



•'■* * 



* Vide Sir E. Home, in the Phil. Trans, for 1819, p. 59, with excellent plates of 
these parts in the ccw and tow. 

t .G. Spangenberg, DitquisUio eirea partes genitaUs famineas Avium. Goett. 1813. 

t Fpr the sake of brevity, I refer once for all in this description of the generative 
organs of birds, to the excellent delineations by Ulmus, in Aldrovandi's Qrwtholog» 
torn. iL p. 209, ed.of 1637 3 and by De Graaf, tab. 18 3 and t6 Spanfeuberg's work^ 
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tranaverK tfit behind the osso pubis, which do not form a 
aytnphysis ; this is Inrger in the /len ihan in the cock ,• and its 
snuller .-interior Inbium is covered by the larger posterior OBC 
(rcfaftrwm). 

This slit lends to the cloaca, in which several organs open, 
is 114)- These are the rectum; the two ureters on the pro- 
minent margin of that part ; the vagina on the lef^ ; behind 
which, and on the upper part of the cloaca, there is the bursa 
Fhbricii. 

The opinion of the celebrated anatomist, whose name this 
mysterious organ bears ; that it receives and retains the semen 
of the cock, ia refuted by this circumstance among many 
others, viz. that tlic part in question is found also in the cock, 
where it is actually much larger than in the hen ; nay, it is often 
so small in the latter, that its very existence has lately been 
denied. This however is going too far. For I have never 
fhiled in Bnding it, at least in young hois, although it is 
sometimes no longer than a barley-corn, and instead of being 
loose, as in the cock, is closely invested by cellular substance-, 
so that its demonstration requires some care and attention. 
The opening, by which it may be inflated, is found on the su- 
perior surface of the cloaca, behind the termination of the rec- 
tum, and on the front edge of a small eminence {scutellum) the 
size and development of which seem to be in an inverse ratio to 
those of the bursa. 

From all the observations which I have been able to make 
on this part (which Perrault very inappropriately termed le 
iroisitme caecum) I am led to conclude, that the function, 
which forms its final use, must belong to the male, and that it 
is only to be considered as a mechanical rudiment in the hen, 
thereby affording another example of the union of the two 
principles in the Jormative impulse. 

In the present instance the teleogical principle is manifesto 
ed in the bursa of the cock, and the mechanical in that of the 
hen. In the breasts, on the contrary, the case is reversed ; the 
teleogical principle prevails in the female sex, where the final 
use or purpose of the glands is discerned ; and these parts are 
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formed in the male, merely as rudiments, in compliance with 
th^ mechanical principle. 

§ 344f. In the tubus geniUdiSf which considerably resemblet 
an intestine^ and is really on the whole very miiform in its ap« 
pearance, we may however distinguish three parts. The va- 
gina, the proper uterus, and the omduetus; the latter part 
terminates in the injundibulum^ which is very different in its 
structure and appearance. 

The vagina is about one inch and a half long, and very 
extensile : it follows a tortuous course. 

The uterus is about the same length, but larger and thicker 
in its parietes, and folded internally. 

The oviduetus (in French la portiere) appears like a conti-^ 
nuation of the last mentioned part; it is about one foot and a 
half long,' convoluted like an intestine, and though slightly 
contracted at intervals, on the whole conical, so that it de* 
creases in diamieter to the infundibukim. Its internal coat is 
covered with^ innumerable papillae, which secrete the white of 
the egg; and the whcde tube is connected above to the spine 
by a kind of mesentery {mesometrium or meserceon uteri). 

It opens by its small end into the infundibuktm,' which is an 
expanded part, analogous to the fimbriated extremifp^ of the 
F)idk>pian tube, for receiving the yolk from the oyarium^ 
This inlundibulum is formed of a delicatef membrane^ vrith a 
Teyy>«lega9itiy folded' margin, which is connected bbhiiid to 
the uterus by means of a round tendinous cord.* 

In speaking of the uterus and vagina of birds, the author does not 
sttffidendy keep up the distinction which ought to he observed he" 
tweewb^ aBi^uierus and «a oviduct. 

The germ, or ovum, passes from the ovarium through a canal^. 
which either conveys it out of the body, (as in the case of the esg) 
or transmits it into another organ. The latter is a cavity, admittuig 
of enlargement, and having the germ attached to its parietes by 
means of vessels, which nourish and preserve it until it has acquired 
a certain development. 

The first mentioned organs are found in all the four classes of 

* Two OYiduots have beea 8ometimeft'4Meov«red ia hens. Vide Stenoniik in 2n4 
Yol. of the Act. Ham, p. 226 3 and Morgagni's Epist, Anat, XX, note^l. 
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Tvrwbral animsli : they are CBlll^d Fallopian tubet in the rasmnialia, 
and aeiducti in the thm otlicr classes. The latter belongs to tlie 
nuuntnatia nnly, and n llieir utertu. We find, however, that the 
tutfaor tp^ki of th« utrruB of other classes : the dif&reDce in tbe 
ofllce of the parU ii so striking that they should oa no account be 
confounded together. 

S ^^5. The ovarium, resembling in its appearance a buncli 
of grapes, lies under ihe liver, and contains in a young laying 
hen about five bundrcd yolks, varying in size from a pin's 
bead to their perfect magnitude ; the largest always occupy 
the external circumference of the part. Each yolk is inclosed 
in a membrane (calyx) vbich is joined to the ovarium by 
means of a short stalk or pedicle (petiolus). A white shining 
line forms on the calyx when the yolk has attained its com- 
plete magnitude. The membrane bursting in this part, the 
contained yolk escapes, and is taken up by the infundibulum 
in a manner which we cannot easily conceive.* It then passes 
along the oriduct, and acquires in its passage the white and 
Bhcll.+ The calyx, on the contrary, remains connected to the 
ovarium ; but it contracts and diminishes in size, so that in 
old hens which hare done laying, the whole internal organs of 
generation nearly disappear. Thb forms one of the many 
instances in the animal economy of remarkable and peculiar 
motions, which cannot be referred to any of the general vital 
and motive powers, as contractility, irritability, &c. accord- 
ing to the physiological notions which have been hitherto 
affixed to those terms. Hence I have arranged them as spe- 
cimens of a peculiar principle, or vita propria, without pre- 
suming to give any explanation of the subject. This term 
will serve to denote and distinguish them until the received 
opinions on the above-mentioned general vital powers shall 
have been so far altered or modified as to include these pecu- 
liar cases.:t 

• Wfpfer, Cicuta Aquatica HUtoriatt Noia, p. 173. 

t Vide Dutiochet, in the Journal de Physique, lom. liiiTiii. 

t I have entrred more fully into this labjccl in my Curo iterata dt vi viUdi angaad 
dt'ifganda, oiui auttm propria uliilt) juilmtdaiB CorpDtti Hunumi poniiiu adtermiii. 
GiKttidgen, 1T9S, 4to. 
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AMPHIBIA. 

§ 346. The tortoise has a manifest clitoris, lying in the clo- 
(Etca* The uterus, oviduct, and ovarium, have on the whole 
much analogy with those of birds ; but all these parts are 
double, and have two openings into the cloaca.^ The two 
uteri are thick and fleshy, while the oviducts are thin and 
delicate. 

V347. The frogs of this country (Germany) have a large 
uterus, divided by an internal partition into two cavities, from 
which two long convoluted oviducts arise and terminate by open 
onfices at the sides of the heart. The ovaria lie under the 
iiver, so that it is difficult to conceive how the ova get into the 
above-mentioned openings. The uterus opens into the cloaca.+ 
- The toads have not the large uterus; but their oviducts 
terminate by a common tube in the cloaca.;); 
• ^ 348. The lizards of this country (Germany) have on the 
whole a similar structure to that of the last-mentioned animals. 
Their oviducts are larger, but shorter, and the ovaria contain 
fewer ova. 

S 349. Female serpents have double external openings of 
the genitals for the reception of the double organs of the 
male. The oviducts are long and much convoluted. The 
ovaria reiiemble rows of beads, composed of yellow vesicles. 



i< 



FISHES. 



§ 350. We shall take the torpedo and the carp as eitam- 
ples of the two chief divisions of the class, as we did in 
speaking of the male organs.§ 



* Caldesi, Ub. 6, fig. 9, 10. 

t Rose], tab. 4, fig. 2, tab. 7, 8. 

X Ibid. tab. 21, fig. 24. 

The structure is the same in the rema pipa (Sttrinam toad)ki See Caraper's-ir^'nerv 
Schr^Un, vol. i. pt. 1, tab. 3, fig. 1. 

$ CavoUni, loco citato, 
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In tlic fonncr fish* there are two uteri, communicating with 
t])c cloicn by means oFa common Vagina. The oviducts form 
one infumlibulutn, which receives the ova as they succes^vely 
arrive at maturity. These are very large in comparison with 
Uiose of the bony fialies. The yolk, in its passage tlirough 
the oviduct, acquires its albumen and sliell. The latter is of 
ft horny consistence, and is known by the name of the seo- 
niouse.^ It linii an elongated quadrangular figure, and its 
four corners are curved and pointed in the skate, Mhite they 
form homy plaited eminences in the s/iarks.X The secretion 
of the albumen, and the formation of the shell are performed 
by the papillous internal surface of the duct; and chiefly by 
two glandular swellings which appear towards its anterior ex* 
tremity in the summer months while the eggs are being laid).^ 

The structure is much more simple in the carp, and pro- 
bably also in the other oviparous bony fishes. The two roes 
occupy the same position as the soft roe of the male does. 
They are placed at the side of the intestines, liver, and swim- 
ming bladder, as far as the anus. They consist of a delicate 
membrane inclosing the ovn, which are all of one size, and 
extremely numerous (more than S00,000 m the carp) ; and 
terminate by a common opening behind the anus. || 

The ovaria of fishes generally contain a very large number of ova, 
BO as to account to us satisfactorily for the astonishing multitudes iq 
which some species are formed, in a perch, weighing one pound, two 
ounces, there were 09,2\G ova in the ovarium ; in a mackarel of one 
pound, three ounces, 129,200; Jn a carp of eighteen inches, Petit 
found 342,144 ; and in a sturgeon of one hundred and sixty pounils, 
there was the enormous number of 1,467,500. 

» LoreDzlnL, tab. .1. fig. I , a ; also Monro's P/iyiio%i/ of Fiihei, lab. 2 and 13 
of the slialf. 

t W. G. Tilesius uber ilis w gtiiamilen SfemUiist oiiir hornaiiigtii Fiichegrr. 
Leipzig, 1802, 4to. lab. 4, 5. 

} J. Hermann, Tabuia AJUnilatum AuimoUum, p. 279. 

i These lemporary organs were known to Atistolle, wlio called them breasts. See 
also Rondelei De Piuibus Marinii, p. 380. Collins, vol. ii, tab. 43. Monro vi 
Tilei»us, Inc. riiat. 

II Petit, foe. citot. 
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INSECTS. 

V851. We slwfll here notice the two species only which 
were mentioned in the former chapter.* 

£ach of the large ovaria of the gryUm verrudvorus contains 
about fifty ova dbposed in bundles. The two organs are 
cdmiected together at their posterior extremities, and open 
between the two sheaths of a part by which they are dis- 
^ciiarged from* the body .t 

^n'Qke sUkwarm moih,X on the contrary, the ovarium re- 
bHAVss four rows of pearls ; each row contains about six<;y 
MVi, wUk^ are laid from the end of the abdomen, after passing 
through a short duct, which has, however, connected with it 
]0#Vdral reiietlbtt processes of uncertain use. 

VERMES. 

^% 838. Weshall describe here the female genitals of those 
tw;o Animals only, whose male organs were noticed in the pre- 
ctdii^ chapter.^ 

The opening of the genitals 6( the Jhnale round-worm (cw*- 
eilriitunUnicdides) is situated near the middle of the body^ 
•nd! leads to a short canal, which divides into two tubeSjb 
fEkoJie gfftd«ially eontraot into two slender, thread-like ovi- 
ducts, which are very long and variously convoluted.|| It 
happens x>ccasionally that the integuments of the worm bursl^ 
and some turns of the duct protrude:, these have been mu^ 
taken for young worms, and have given rise to the erroneous 
notion that the animal is viviparous. 

- r , - - ■■ ' ■■■■--■■■ ■ .1.. ■ 

^ la the Workfr quoted at page 331, deliaeatioDS of the female oigaiui of genera; 
jiutt oi the.ikiseictd there mentioned will be found. 

t 'KMi, UfCioiUxt. Ub.9, iig. 3. 

t Malpighi, tab. 12, fig. 1, 2. 

§ For an account of these parts in some other genera, see the works quoted in 
iiote~nl,' y'339. 

H Tyson, in the Philos, Trant, vol. xiii. fig. 2, or in his works. London, 4to. 
1761. 

(The san^^ parts have also been represented by Dr. Hooper, in the Memoirs qfth 
tfindon Medical Society, vol. v. ; and by Dr. Bail|ie, in his el^fant FasekuU <f 
Morbid Anatomy, fascic. 4, pi. 9, fig. 3 and 5, T.) 

2 A 2 
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Tlie ttniclure of the parU is very simple in the cuUle-fiik. 
Xltcrc are Iwo osariu, conUtining ova of various sizes, and a 
eommon tubo leading to the anus,* 

'riic ftcnitnl lubca of ili<? ascari* contain a milky fluid, tvhich, whsn 
•cxatninMl by lb* microscoi>r, i» found to contain numerous ova. 

I'liL- aKKtri* xtmicularit posseiiHe* a genital apparatus of the Kame 
■ppearsncc with that of the lumbricoidfi. Dr. Hooper in Trans, of 
■lie Und. Med. Hoc. 

The riva of tlie cuttle-fish, when discharged from the body, are 
OonnetiL-O iiito bunches, exactly resembling grapes, by a tenac' 
and ductile substance. The similarity is bo striking as to have g 

tile to tlio term of ta-grapei, which is applied to them it 

language. In the ifpia ocl^ipia and loligo (calmar) they form small 
maases. 

Most of the gasteropodous mollusca are true hennaphrodites, and 
have the male and female organs of generation united in the sane 
Individual ; but they copulate, so that each fecundates and is fecun- 
dated. TJir common slug {limai] and snail (Ac/it) afford the molt 
iamiliar examples of this structure. They possess an ovarium, ovi* 
duct, testis, vas deferens, and penis. The oviduct and vas deferens 
'open into a cavity situated under the right superior horn ; and tlie 
penis is contained in the same cavity. The latter part enters the 
.Dviduct of the other animal at the time of copulation. 

The anail has, in addition to these or^^ns, a very singular one, llie 
"iisp of which is (juite obscure. It consists of a cavity with an emi- 
ticiicc St bottom, from ivliich a sharp pointed, thin, calcareous body 
proceeds. This can be thrust forth from the cavity, and is emplt^ed 
by the snails to prick each other before the act of copulation. 

In the acephalous mollusca, such as the oyster, muscle, &c. there 
is no discernible organ of generation, except an ovarium, which 
varies in size and colour at different periods of gestation. 

'I'he same obser4'ation holds good also of the asierias (star-fish) 
IS (sea-urchin). In both these genera the ovaria consist of 
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generation in the zoophytes resembles the growth 
of buds and branches in trees, and therefore these animals contain no 
generative organs, nor have any distinction of sex. This is the case 
in the polype (/ij/dra) and the sea anemone, [actitiia) where the youog 
shoot out fromanyjiart of the surface of the parent. If these animals 
are cut in t»o, the divided portions will form perfect animals. 



, • Turb. Netdham. KcuvtlUi Obi. Microsc. tab. 2, 

Compare witli this the (lelineatlons by LIstEr, which ii 
rent. Cancbgiiar. bimbi. eievcU. Anat. Terlia. Lood. I 
and by Swanimenlam, tab. 52, fig. 10. 
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CHAPTER XXV. 

ON THE F(ETUS OF THE MAMMALIA| AND THE ORGANS WITH- 

WHICH IT IS CONNECTED.* 

• 

% S53. The first parts which can be discerned in the uterus 
aflter impregnationi are the membranes (involucra) of the 
ovum ; m which (the marsupial animals excepted) the embryo 
itself becomes visible after a certain period. By means of 
the navel-string the foetus is connected to these membranes, 
and consequently to the uterus of the mother ; from which 
its nourishment is derived until the time of birth. It will, 
therefore, be the natural method to pass from the descriptioa 
of thje uterus to that of the membranes, and other parts of 
the. after-birth; and to consider in the last place whatever 
ipav be worthy of remark concerning the embryo itself. 

$ 354. The mode of connexion of the pregnant uterus with 
the membranes of the ovum, and thereby with the embryo 
itseli^ displays three chief differences in the various mam-» 
malia. 

.Either the whole external surface of the ovum adheres to 
the .cavity of the uterus; or the connexion is effected hy 
means of a simple placenta ; or by numerous small placentae 
icotyledons). 

§ 355. The first kind of structure is observed- in the 80W;f 



* Much infonnatipn on the subject of this and of the last chapter is contained in 
Dr. J. V. liobstein's EssaU mr la Nutrition du Foaus, Strasb. 1802, 4to. See also 
some excellent observations on the cavities of the foetus in the three first classes of 
red-blooded animals by Dutrochet, Cuvier, Breschet, Mondini, and Alessandrini, ia 
MeckeTs Arehiv, vol. v. p. 535, and vol. vi. p. 385. 

t Fab. Ab Aquapend. tab. 25 and 26. Daubenton, torn. v. tab. 21, 22. 
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and in atiU more mBnifcst in the mare. In the latter case, the 
external membrnnc of the ovum, the chorion, may be said to 
form a bag-like placenta. Numerous and large branches of 
the uinliilical vesiteh ramily through it, particularly in the 
ktter Imlf of the period of pregnancy ; and its external sur- 
fkce IB covered wilh innumerable flocculent papillie, which 
connect it to the inside of the aterus.* 

§ Sati. In lhu:(e animals of this class, where the embryo is 
nourished by means of a placenta, remarkable Tarieties oecor 
in the several species ; sometimes in the form and succesnve 
cbangeH of the part, sometimes in the structure of tba organ, 
■B being more simple or complicated. 

In most of the digitated mainmHliu, as well as in the quad- 
rumann, the placenta has a roundish form ;+ yet it consists 
sometimes of two halves lying near together ; and in the dog, 
eat, martin, &c. it resembles a belt {cinguhtm or aona).X Its 
form in the pole-cal is intermediate between these two struc- 
tures ; as there are two round masses joined by an intervetiitig 
narrower portion. § 

I have discovered a most remarkable instance of change in 
the form of this organ in the hedgehog. For some wee^ 
after impregnation the placenta includes nearly the whole cir- 
cumference of the chorion, and may be compared, in size and 
form, to a hazel-nut. It is spongy and vascular internally ; 
but on the outer surface firm and tough, and approaching to 
cartilaginous hardness. It is not, however, of uniform strength 
throughout ; but thinner and more flexible towards the con- 
cave side of the comua uteri, than on the opposite part. (See 

• Fab. Ab A^uapeod. lab. 21, 22 ; lab. 23, fig. 46. 

1 Daubealon, loin. vii. lab. 38, fig. 3, 4, of tht rot. 

Ibid. tab. 40, fig. 7, B, of the domeitic nouu,- lorn. viii. tab. 13, Bg. 6, of ik 
moie. 

I It is rtpreseDteii in lh« dog, by Eustachiui, tab. anatoio. tab. 14, fig. 7, 8, bjr 
Fab. Ab Acjuapend. ub. 27, 28 ; and by Diubenton, lom. v, tab. 50. 

In Ihe cat, by N'eeilhairr, De Fm-malo Firlu, tab. 4. fig. 1 ; and DaDbcntl>n,.tam. 
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'Pi«Aii& ¥1} JL fig* L)' Ab pfegnanoy adnmceii this thinp^ 
porlioii inoreases, and gradoally assumes a nearly raensfaranoiii 
struclinre^ while the opposite thick part forms a firm and 
dense placenta of a saddle-like shape with extenuated mar* 
gnis^ (Plats VIIL fig* 2). This Ues in the more mature 
fiBtiis neariy across the ilia; so that the neighbouring parts 
are protected from any injury which might haTe arisen from 
MCtdental pressure^ For the final purpose of this singular, 
and, as far. aa I know, unique construction, is the preservation 
9S. the tender embryo in the abdomen of an animal, which roUs 
itself up with such force, that, without this provision, the 
pregnfmi uftems and its contents would be exposed to a most 
dangerous pressure. 

In seireral sqpecies of digitated mammalia the external sur- 
6oe of the pl«»Bta is provided with a white and apparenUy 
glandaliir body (corpus glandulosum Everardi,* or subpla^ 
cenia^ smaller than the proper placaata by which it is in* 
clo8ed«f In proportion as the embryo becomes more mature, 
thispart admits of more easy separation from the placenta. 

§ 857* The placenta of the bisulca ia divided into numerous 
eotpledons; the structure of which is very interesting, as it 
eiiicidates the whole physiology of this organ. The parta de« 
signated by this appellation are certain fleshy excrescences^ 
(fglofidukB utemue) produced from the surface of the impreg- 
oatod^iderus,^ and having a corresponding number of fioccu* 
!#■! fasciculi of blood-vessels, (caruncuke) which grow frxHn 
the eoEternal surface of the chorion implanted in them. Thna 
Ae fUerina axid/aUal portions of the placenta are manifestly 
dbtinct from each other, and are easily separable as the foetus 
advances to maturity. The latter only are discharged with the 
after-birth, while the former, or the coti/ledons, gradually dis- 

* CatmapolUiB Historia Naturdlis, 16Q6, 12> p. 60. 

t In the hare it is represented by Daubenton, torn. vi. tab. 46. 
In the rabbit by Needham, tab. 3 ; and De Graaf, tab. 26, 27. 
In the guinea-pig by Fab. Ab Aquap. tab. 30 ; and Daubenton, torn. viii. tab. 4, 
fig. 6. 

In the water-rat, ibid. torn. vii. tab. 46, fig. 4, 5. 



OS THE rUtTUS OF MAMMALIA. 

>r tnm the surfftce of the uterus alter it lias parted with 
Its contents. The number and form of these excrescences 
vary in tlio different genera nnd species. In the sheep and 
cow lUcy sometimes umonnt to a hundred. In the former 
COinul and tlie goat, they are, as the name imphes, concave 
eminences i* while on the contrary, in the cow, deer, &,c. their 
surface ia rounded or coaveK.'l' 

I ii58. The trunks of tlie veins which pass from the pla- 
centa or caruncnitc, and of the arteries which proceed towards 
these parts, are united in the umbilical clio/d, which is longer 
in the human enibryoj than in any other aninial. The navel, 
which continues visible during life in man, is not so apparent 
in other uiammilerous animals. 

In ihejbal, as in the child, the chord possesses a single um- 
bilical vcin;^ whilst most other quadrupeds have two, which 
unite however into a common trunk near the body of the 
foetus, or just within it.|j 

I 359. The amnion, or innermost of the two membranes of 
the ovum, which belongs to the pregnant woman, as well as to 
the mammalia, is distinguished in some of the latter, as for in- 
stance in the cow and mare, by its numerous blood-vessels ; 
while on the contrary, in the human subject it possesses no 
discernible vascular ramification. 

^ 3(iO. Between the chorion and amnion there is a part 
found in most pregnant quadrujieds, and even in the cetacea, 
which does not belong to the human ovum, viz. the allantois, 
or urinary membrane. The latter name is derived from the 
connexion which this part has, by means of the uraehus, with 
the urinary bladder of the fcetus ; whence the watery fluid, 



• For a view of these parts in the ihtep, see Fab, Ab Aquap. tab. 12, 14, 15. 

t Intheciiu', Ilbbolien, particularly fig. 14 to IT. 

In th« goat, Daubenton, taia. tj. lab. IT. 

} The j>oie-cat probnblyhas the shoifi^st ehord. Daubenton, to 



i. tab. 2T, fig. 



( «ULi.i, p. ISP. 

II Hibofceii, (1-.23, 21, ii 
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"^bith it containSi has been regarded as tbe urine of tbe ahi* 
fiial* The term allantois has arisen from the sausage-like form 
which the part possesses in the bisulca and the pig;* although 
this shape is not found in several other genera and specie)^. 
ThuSi in the hare, rabbit, guinea-pig, &c. it resembles a 
small flask ; and it is oval in the pole-cai. It covers the whole 
internal surface of the chorion in the solidungula, and there^ 
£>re incloses the foal with its amnion. It contains most fre- 
quently in these animals^ (although not rarely in the cou)) 
Jarger or smaller masses of an apparently coagulated sediment 
in various forms and number, which has been long known by 
the singular name of the horse-venom or hipponianesA 

Some orders and genera of mammalia resemble the human 
subject in having no allantois ; as the quadrumana and the 
hedgehog : nay, in the latter animal, ^he urinary bladder has 
no trace whatever of urachus ; which even exists in a certain^ 
degree in the human subject ; but its fundus is perfectly 
spherical in the foetus. (See Plate VIII. fig. 2, f.) 

§ 361. There is in the hedgehog, as well as in the dog, cat, 
and others, a peculiar part called the tunica erythroides, (see 
Plate VIII. fig. 1, c ; fig 2, c) situated between the chorion 
and amnion like the allantois, for which it might easily be 
mistaken on the first view. It contains a watery fluid at the 
Commencement of pregnancy, but is easily distinguished from 
an allantois, as it is not joined to the fundus of the bladder by 
the urachus, but is connected by means of the omphalomesen- 
ieric veins, (Plate VIII* fig* 2, k) with the mesenteric blood* 
vessels of the foetus.:): This connexion constitutes a resem- 



* Fab. ab Aquap. tab. 13, fig. 29 ; and tab. 17, fig. 37, in the theep, J. C. 
Kuhleniann has represented this part in an embryo of the nineteenth day after con- 
ception. Observ, circa Negotium Generationis in (hnbus, Gbtting. 1753, 4to. tab. 2, 

fig. 1».2. 

Hoboken, fig. 10 to 13 and 15, in the cow. Fabric, tab. 25, in the pig, 

t Daubenton, torn. ir. tab. 9, fig. 1, 2, of the horse, 
Hoboken, fig. 19, 21, and fig. 37, of the eoic, 

X Fab. Ab Aquap. tab. 1, of the dog. 

Needham, tab. 4, fig. 1, of the cat. 

Wetter, 
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bhnoe on one band to the yolk-bog of the incubated bin), 
and on the other liand to that remarkable vesicula umbilicaiis, 
wlitch is observable in the early months of pregnancy." The 
ttmica crythroidet, as well as that vesicula, are most complete 
in young embryos, and are, on the contrary, so diminished in 
subsequent periods, that their functions must he connected 
with ihe earlier stages of cxistence.f 

It is neariy forty years since 1 first shoved the analogy be- 
tween the tunica erytfuoidcs and the vesicula umbl/icalis of 
the human foetus, in the first months after impregnation, as 
well as the natural state of the vesiculum umhilicalcit: 

The lunicii cryiliroides was first noticed by Everard as existing in 
animab, in his work entitled, Nonas t( genvijtui kominis brulique am- 
mahs txoTtui. Melib, 1661 ; and there is an engraving of it in Need- 
lum's ObaereatioiKt Anatomia, Leyd. 1743, under llie name of corput 
elandutoium Everardi quod fatum utcra coimeclil. Dr. Fochels tif 
Brunswick has lately endeavoured to prove its existence in the human 
fbctus. See the Edinburgh Medkal and Surgical Jourual, vol. xxv. 
No. 87 ; and Tke Laruxt, vol. x. p. 456. 

^ 363. The first trace of the formation of an embryo cannot 
be discovered in the different species of this class until a con- 
siderable time after conception. The original formation, as in 
the human subject, is widely distant from the subsequent per- 
fection of the mature fcetus :§ and the growth and formation 



Wett*r, lab. 4, of liit hrJgehag. See also Drondi, Suppitmnita ad Anatavmaa tt 
Phyudogiant fatUsiBaan catnpoTatam, Leip. 1806, p. 15. 

• GoBimenl. Soc. Rtg. Scknt. Gutting, vol. ii. p. 128, fig. 1. 

i See Olten's and Kieser'a Bei/triige lur va-gleichenien Zoobgie — Anatomie «ni 
Physiologie. pt 1 and 2, 1806 and 1807. 

Meckel's Be\/triigi ivr vergUkhendtn AnalonM, pt, 1, 1808 ; and Archiv./aT iii 
Pkstiologie, vol. in. pi. 3, 1809. 

Oken'slsu. 1818, p. 59. 

J See Dr. Elliotion's excellent translation of the histilutiona Phyaologica, n 
Specim, Plii/siaUig. contpuralK iiiler ^itiniaiilia cetidi languinis Vivipara el Oiipara, 
1788, in tlic ninth vol. of the Commealat. lUgalii Scienl. Getting. 

i See delineations of the embtjo of different animals in the early periods, viz. of 
the ■■aWrii in l)e Graaf, tab. 26, tig. 8, 10; and in Haller, Oper. Minor, lom.iii- 
Ub.21, %. 1-4, Of ihesAeipin Kuhleraann, tab. 2. 
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4|f th^ mfeaiibefSy instead of proceedbg alike in the ^v6ole dag% 
1^ 90 ordered in particular species, that those external on- 
gansj which are most necessary to the young animal>. aoeocd^ 
ing to its peculiar mode of life, are formed axhd completed the 
aoonest. Hence arises the great size of the posterior hands of 
the foetal quadrumana, of the feet of the squirrel^ of such ani- 
Blals in short as are destined to live in trees ; likewise of those 
of the foal and kid, which are obliged to use their legs imme<^ 
diately after birth, when compared with the corresponding 
{mrts of the mature human foetus. 

In the foetal kangaroo, in that state at least in which it is 
first found in the false belly, the fore feet are much larger and 
stronger than the posterior ones, on account of the use to 
which the animal puts them in holding by the nipple. When 
the animal in a more mature state is in a manner bom a second 
time, and must soon be left to itself, the posterior limbs in- 
crease to their well known enormous magnitude. 

The erroneous observation concerning the supposed un- 
shapeliness of the foetus of the bear, which has been so often 
made since the time of Aristotle, would not require an express 
refiitation in the present day, had it not been repeated by some 
modem zoologists, whose accuracy in general is much to be 
relied on. I have completely shewn how unfounded this sup- 
position is, by the representation of a young bear's foetus in 
another place,"^ and it appears to be very completely formed. 

§ S63. The most important points, in which the foetus of 
the mammalia differs from that of the human subject, have 
been already noticed. In other respects their structure seems 
to correspond ;i' at least, for instance, in the membrana pupil- 
laris, j: in the thymus, thjnroid, and suprarenal glands. Some 

* AbbUdungen Naturkistor, Gegenstande, pt. 4, tab. 32. 

t There is a view of the viscera of a foetal hcrse in Ruini, p. 189, and in 
Daubenton, torn. iv. tab. 7. 

Of the sheep in Knhlemann, tab. 2, fig. 8. 
Of the calf by Uoboken, fig. 24, 25. 

t Ayrisberg, in the Nm. CwmnenU Soe. Reg. Scient, Goetting, torn. ii. p. 207. 

Vide 
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trivial points of distinction are not noticed ; such as the meco^ 
nium resembling hard scybalain the bisulca^ and animals of the 
mouse kind,* &c. 

Vide S. C. Lacs Anatomiiche Untenuchungen der Thymus 'in Menschen und 
Tkmtn. FrankClSll. 

J.'F. Meckel's Abhandlungen aiu der mgnschlichen und vergUickenden Anatomm, 
HaUe, 1806. 

* Fleming's Deutsche Joger, p. 130 ; and Harvey De Generat. Animal, p. 197. 
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CHAPTER XXVI. 

« 

ON THE BREASTS AND TEATS OF THE MAMMALIA. 

§ 364. The nourishment of the young animal immediately 
after birth, is derived in this class from the milk of the mother^ 
^hich is secreted in the breasts. This secretioni which is pe- 
culiar to the class in question, has given rise to the name mam" 
maUOf by which Linnaeus has distinguished them. Teats have 
been even discovered in the ornithorhynchus ;♦ but they seem 
also to be wanting in the males of some other species, as the 
jbamster, and lemur mongoss ; although this sex possesses them 
in general as well as the female. They are sometimes however 
found in smaller number in the former sex, as in the dog^ or in 
a different situation, as in the horse.\ 

Numerous instances have occurred, in which milk has been 
secreted in the breasts of male animals, as in the jfoa/, ox, dog, 
pat, and hare, as well as in men. I have treated more particu- 
larly of this physiological phenomenon in describing a he»goat,X 
which it was necessary to milk every other day for the space 
of a year .§ 
; Milk is commonly found in the breasts of newly-born chii- 

* Home, in the Philos. Trans. 1802, p. 69. 

' t BaubentOQ, in Fourcroy's MSdeeine Eckririe, torn. ii. p. 274. 
' ** Naturalists were long at a loss to discover the mamme and teats of this animal ; 
in the male they were at length detected by Bnffon, on the sheath of the penis. Mr. 
J. Hunter also made the same remark, without knowing that Bu%n had previously 
boticed it ; these teats are largest in the foetus and young foal." lEtees's Cyclop, art. 
Anatomy of the Horse. 

I The milking of he-goats, therefore, is not so extravagant a supposition as it ap-« 
peared to the shepherd in Viigil, 

Qui Bavium non odit, amet tua caimina, Masvi ; 
Atqiie idem jimgat vulpes, et mulgeat hircos. 

• ^ HontufvM'tC^ Mfl^tn. 1787, p. 753. 
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a of both sexes ; and the sime observation holds good in 
e foal and cnlf. 

Mc«kd ffivi-9 (he foHowinB iccount of bis discovery of tbe mamnuB 
ji the orailliorhyiichus. in hu OrnUborkifnchi paradoti deicriptio ana- 
tomiea, publiBhed at Lrip*i(^ in thr ^car 1B26. 'lliis elaborate mono 
Kraph contains ibc mulls of n minute dissection of a male and h' 
male orDiiborhynclmi, for which the author was indebted to thekind- 
DMS of Mr. (!rc(-n, the distinguished I'rofeBsor of Anatomy to the 
Royal Acndciny. 

■ It i« well kiiown lo have been a common opinion, lliat tbe ornitbt^ 
l^dchw ami ornilhorfaynchus liystrix were dcitituta of raanitns, and 
that upon this opinion was founded tlic argument for rejecting thoM 
w^mula from the class of mammalia. Cuvier, one of the latest writ- 
era on this subject, expreiisty states that they have no mamma; ; and 
after a careful cxaminatian of the male ornitborhynchus, I was mys^ 
aa^le to detect any trace, either of pnpillce or glands. With respect 
to the female, ailer having opened the abdomen, and removed the 



T part of the viscera, I was prevented by various occupatiopt 
Som eontiiMiing my investigation of this subject, till the close of the 

rnr 18S3, when on tlie S&th day of December, a day of good omen, 
detected on the right side of the abdominal muscles, a small round 
IDBU, which at first bore the appearance of a portion of intestine ac- 
cidentally pushed into this situation, but upon careftilly examining the 
laft aide, 1 facomed a correBponding nibstance. The evening wu 
too fur advanced to permit rac to pursue my investigation, but on the 
next niomiiifT, after a night rendered sleepless by anxious expectation, 
1 returned to my work, and found that this substance was beyond all 
question a glandular structure. 1 was equally satisfied that this gland 
was a tmc mamma, an opinion nhich was more forcibly impressed 
■ • " ■ ..... ^^^^^ jg 



upon my mind from its structure and situation, from i 
velopment in the female, and the want of it in the male, or at least 
its existence in so minute a degree as to have hitherto eluded the 
closest examination. 

The following is an account of the situation, size, and structure of 
this gland. It is placed on the side of the abdomen, between the 
fleshy portion to which it adheres very loosely, the obliquus descen- 
dens abdominis and the anterior muscles of the femur, reaching at its 
upper extremity the external margin of the pectoralis major, and the 
lower extremity of the sternum. The marked development of this 
part renders it as surprising that it should hitherto have escaped no- 
tice, especially as so many ornithorhynchi, and among these so many 
females, have been dissected. The length of this gland was four 
inches, three lines; its breadth, about one inch, three or four linesi 
its greatest thickncas four lines : its external shape is very oblong, 
as indeed is evident frooi theae dimensions ; its breadth is nearly uni- 
form, but is a litde narrower towards the lower extienuty. Thexe ire 
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exeeedingly ininute exeretoiy ducts in the middle of the gbnd, which 
-open externally. Although I could pass neither silk nor mercury 
through the ducts, which were of themselves, as I have observed, ez- 
ceeiSingly narrow, and further contracted by the spirit of wine, and 
filled with a thick fluid, the area was nevertheless indicated in the 
iridn. Although this palrt was covered with hair, there appeared ne- 
vertheless, upon removing them, an opening of about nve lines in 
length, and three in breadth, surrounded with about eighty minute 
Ibtamina, from which the hairs proceeded, and which were probably 
the orifices of the excretory ducts. There was, moreover, in the cen- 
tre of this opening, a small depression of about two lines in diameter, 
destitute of hair, but having several unequal rugse, among which 
One not equalling the size of a millet-seed, was more conspicuous 
iStiBh \he rest, ^ese were undoubtedly papillae, and orifices of the 
ducts. 

This discovery confirms the opinions of Oken and de Blainville, 
who although they had never examined a female ornithorhynchus, ne- 
vertheless asserted that there could be no doubt of the existence of 
mamma?, on account of the numerous analogies presented by that 
animal with the other mammalia. This discovery also refutes the ar- 
guments of those who inferred a want of mammae from the absence of 
nfpples, from the shape of the bill, which is by no means adapted for 
tacking, and from ova said to have been found in the ovaries, and in 
nests, Siough there could be no foundation for this last assertion. 

§ 365. The position and number of the tealts varies consi- 
dei^ably in the different species. Several irregularities occur 
in the latter point, particularly among the domestic animals.** 
Ntunerous exceptions must be made in some species, as the 
dome^c 9oWy the gmnea-pigj and others, to the general rule, 
which assigns to animals twice as many teats as the number df. 
young- which they ordinarily produce. 

Their situation is the most singular in the female marsupial 
animals, where there existence can scarcely be recognized, tx- 
c^t at the time when the young are actually contained in the 
abdominal pouch, or false belly. 

^yson, who on all other occasions displays the greatest 
acuteaess, could discover no trace of teats in his female opos- 
sum. D*Aboville expressly asserts, that they are formed by 
the suction of the young, that their number, therefore, in ani- 
mals which are giving suck, exactly corresponds to the num- 

* Buffon, torn, x, p. 295. 
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ber or yoong st that period ; and tbat tbey are placed witbont 
aiiy symmetry, lietng formed wherever tlie young animals may 
happen to attach themselves on their arrival in the abdominal 
pouch.* 

In an opossum which I possessed for several years, and 
whose uvuria discovered no Irncc of any previous impregna- 
tion, there wero tJirec paim of teats in the false belly, very 
small indeed, aiul flat, but regularly arranged in a half-moon. 

A Kp««ipt of toad (tlie raati pifia, or Siirinsni load) has a structure 
•omewhai analogoiu tu l)io faiso Wily of clie marsupial mammalia. 
ITicre are wverat cells, amounting in Dumber to seventy or eighty, 
ibrmed by tlie tiili-j{iiHii-nts of the bnck of tbe female. 'I lio ova are 
placed in ihese, and go through iliuir different changes to the fonna- 
tlon of the yonng /i-o;. Tlie integumenta which form these cells, 
appear to have no pcculinn'ty in their organisation ; nor are the cella 
TormL-d until the time at which they are to receive the ova. 

\ 3GG. In the singular animals which have been just alluded 
to, as well as in those which live in the water, or under 
ground, the mammary glands, for reasons which must be very 
obvious, lie flat under the skin, and do not project so as to 
form breasts or udders; neither do the lactiferous ducts pos- 
sess such dilatations and cavities as are observed in the bisutca, 
the mare, and others. -f- In those animals which have their 
breasts placed on the chest, {mammee pectorales) these organs 
never possess that form which so peculiarly distinguishes the 
human female in the bloom of life. 

The mammae of animals are not surrounded with that quantity of 
fat which is observed in the human female, hence they are not very 
apparent except at the period of suckling, when they become dis- 
tended with milk. 

Another remarkable difference occurs in the structure of the nip- 
ple. This part in women has about fifteen openings, which are the 
terminations of as many lactiferous tubes. In the other mammalia it 
is hollow, and has only one or two orificea. Its cavity communicates 
with two large reservoirs, in which the lactiferous tubes terminate. 

* See Va^gtt dn Unrf. D< Chiateiba dans CAmtriqiit StpttntTumaU, tom. ii. p. 
332. 

t Daubenton, tom. v. tab. 12, c^ s gma which had double teats on each udder. 
See also Sleiumaller's BttcKrtibung iter xhwdteriichen AlpeiiwiTthtchaft, vol. ii. p. 150. 
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CHAPTER XXVII. 



ON THE INCUBATED EGG. 



% 867. JLHB various vital processes of nutrition and fohnafioi^ 
which are carried on in the foetus of the mamraaliai while in' 
its mother's body, and by means of the most intimate connex- 
ion with the parent, are effected in the incubated chick by its 
own powers, quite independently of the mother, and without 
any 'extraneous assistance, except that of the atmospheric air, 
md a certain degree of warmth. 

§ 368. The egg is covered, within the shell, by a white 
and firm membrane, (membrana albuminis) which contains no 
blood-vessels. The two layers of this membrane, which in 
other parts adhere closely to each other, leave at the large 
end a space which is filled with atmospheric air.*** 

Tins membrane includes the two whites of tike egg^ each of 
which is surrounded by a delicate membrane. The external 
of these is the most fluid and transparent, the inner one 
tlueker and more opaque; they may be iseparated in eggs 
which are boiled hard. 

The internal white surrounds the yolk, which is contained 
in a peculiar membrane called the yolk-bag. From each end 
of this proceeds a white knotty body, which terminates in a 
flocculent extremity in the albumen. These are called the 



* J. C. HeU, Oburvata Phynologiea ds Nutura it Um Aerit, Ovit Avium inelud* 
Tubing. 1796, 4to. 

See Dr. Paris'^ admirable paper on this siribject, in the TVansactunu of His lAnnaan 
SbeMty, vol.z.p.2> 304. 
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chalaxa, or grandines^ Leveille distinguishes a third white, 
and considers the chalazae as absorbing vessels floating in it| 
and destined to absorb it as well as the inner albumen, and 
mix them with the yolk during incubation.* 

A small^ rounds milk-white spot^ called the tread of the 
cock, {cicatricula or macula) is formed on the surface of the 
yolk-bag. It is surrounded! by one, or more, whitish concen- 
tric circles, {halones or circuit) the use of which, as well as 
that of the cicatricula itself, and of the chalsizae, is not yet as- 
certained. 

§ 369. We now proceed to notice the wonderful successive 
changes which go on during the incubation of the egg ; and' 
the metamorphoses which are observed both in the general 
form of the chick, and in particular viscera. The periods of 
these changes will be set down from the hen^ as affording the 
most familiar examplci* It will be best to give, first, a cur- 
sory chronological :t^ view of the whole process, and then to 
make a few remarks on some of the most important parts of 
the subject. 

§ 370, A small shining spot of an elongated form, with 



* Swrla Nutrition des Fcetut. Par. 1799, 8vo. 

t The following worlu may be referred to for representations of the formatioB of 
the chicken in the egg. 

Malpighi, De Famatione PulH. Lond. 1673, 4to. ; also De Ovo IncubaM, 1689, 
fol. 

W. Langly, in Schrader, Observ, et Histcr, de Generattoiie. Amst 1674, ISmo. 

Ant Maitre-Jan, Observat, sur la Fffrmation du Poulet. Par. 1722, 12mOt • 

C. F. Wolff. Theoria Generationu. HaL 1759, 4to.' tab. 2 ; also in the K'ov.Cm- 
fnent, Acad, Petrapolitan. torn. zii. ziii. and ziv. 

Meckel, Beytr'dge zur vergleiehenden Anatomie, vol.i.pt. 1, p. 83. 

And Sir £. Home's Lectures on comparative Anatomy*^ 

As the plates of Langly and Wolff represent only the earlier periods, and the othea 
are not executed with that elegance and clearness which they ought to possess ; I 
jiave given in the fourth and seventh parts of my AWnidungen der Naturhistmek-'Ge' 
gerutdnde, some neat and accurate representations, taken from two periods, in which 
the raiost important phenomena of incubation are most clearly discernible. 

t The periods of the different changes are set down afrl have ascertained tliem is 
my own repeated observations. 
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TOunded extremities, but narrowest in the middle, is per* 
ceived at the end of the first day, not in nor upon the cica- 
trieula, but very near that part on the yolk-bag, (nidus pultt, 
colUguamenium, areola peUucidd). This may be said to ap« 
pear before-hand, as the abode of the chick which is to follow. 

No trace of the latter can be discerned before the beginning 
of the second day, and then it has an incurvated form, resem- 
bling a gelatinous filament, with large extremities, very closely 
ftunrounded by the amnion, which, at first, can scarcely be dis- 
liiigaished from it. 

About this time the halones enlarge their circles, but they 
•(Mm after disappear entirely, as well as the cicatricula. 
' §871. The first appearance of red blood is discerned on 
the Surface of the yolk-bag, towards the end of the second 
day. A series of points is observed, which form grooves, and 
these, closing, constitute vessels, the trunks of which become 
Connected to the chick. The vascular surface itself is called 
J^ura venosa, or area vasculosa: and the vessel by which its 
margin is defined, vena terminalis. The trunk of all the veins 
joins the vena portse, while the arteries, which ramify on the 
yolk-bag, arise from the mesenteric artery of the chick. 

§ 872. On the commencement of the third day, the newly-^ 
formed heart (the primary organ of the circulating process, 
which now commences) is discerned by means: of its triple^ 
pulsation, and constitutes a threefold punctum saliens. Some- 
parts of the incubated chicken are destined to undergo suc- 
cessive alterations in their form ; and this holds good of the 
heart in particular. In its first formation* it resembles a tor- 
tuous canal, and consists of three dilatations lying close toge- 
ther, and arranged in a triangle. One of these, which is 
properly the right, is then the common auricle ; the other is 
the only ventricle, but afterwards the left ; and the third is 
the dilated part of the aorta {bulbus aorta). 

' About the same tune, the spine, which was originally ex- 
tended in a straight line, becomes incurvated ; and the dis- 
tinction of the vertebrae is very plain. The eyes may be 
distinguished by their black pigment, and comparatively im- 
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■sense tint', uid they are afterwards remarkable in conse- 
quence of n peculiar slit in the lower part of the iris.* 

1 hiive foiiitd an exactly similar slit in the iris of the common 
lixard, [lacerta agilis) before it had attained maturity. Thu* | 
this structure belongs to such animals as have no mmibramti J 
pupillarU. * 

^ 37;f. From the fourth day, when the chicken has attained 
the lenfflh of four lines, and its most important abdomlnai 
viscera, aa the stomach, intestines, and liver, are visible, (the 
gall bladder, however, does not appear till the sixth day,) i^ 
Ta.-<cular membrane (chorion, or membrana umbilicalis) begins 
to form about the navel ; and increases in the following days 
with such rapidity, that it covers nearly the whole inner sur- 
face of the shell within the membrana albuminis during the 
latter half of incubation. This seems to supply the place of 
the lungs, and to carry on the respiratory process instead of 
those organs. The lungs themselves begin indeed to be 
formed on the fifth day; but, as in the foetus of the mammali* 
they must be quite incapable of performing their functiou _ 
while the chick is contained in the amnion. 

{ 37i. Voluntary motion is first observed on the sixth day, 
when the chick is about seven lines in length. 

Ossification commences on the ninth day, when the os^c 
juice is first secreted, and hardened into bony points {pmicta 
ossificationis). These form the rudiments of the bony ring of 
the sclerotica, which resembles at that time a circular row of 
the most delicate pearls. I have found this part much more 
elegantly formed than in the hen, in the incubated pea>fbvl 
of the fourteenth and following days. 

At the same period, the marks of the elegant yellow vessel! 
(ffoso vitetli lutea) on the yolk-bag, begin to be visible. 



■ Alalpighi, Di Format. Pulli. tab. 2, fig. IS, 21 ; and Di Ova, tab. 3, 6g, IS, 
30; tab. 4, fig. 21. 

AMlduiigen, n. G. pt. 7, tab. 64. 

See also llallet Sur la Fomaliea du Caur duns U Pimitt, torn. i. pp. 193, tHi 
tuiu. ii. [I. 160. 
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• 

<3n the fourteenth day the feathers appear ; and the animal 
is now able to open its mouth for air, if taken out of the egg. 

Ob the nineteenth day it is able to utter sounds ; and on the 
^9iEenty-first to break through its prison, and commence a 
smeond life. 

4 3*^^* ^^ B^^ conclude with one or two remarks on those 
very singular membranes, the yolk-bag and chorion, which 
are so essential to the life and preservation bf the animal. 

■The chorion, that most simple yet most perfect temporary 
mtetkute fot the lungs, if examined in the latter half of incu« 
Intion in an ^g very cautiously opened, presents, without 
any artifldal injection, one of the most splendid spectacles 
^bAt occurs in the whole organic creation. It exhibits a sur- 
face eoveced widi numberless ramifications of arterial and 
^«tious vessels* The latter are of the bright scarlet colour, 
aa they «arry -oxygenated blood to the chick; the arteries, on 
the contrary, are of the deep or livid red, and bring the car- 
banated blood from the body of the animal. Hence, as is 
ynitSL kaoown, &e incubated bird perishes if the shell be var^ 
llfiAijed over, as the respiratory process is thereby suspended. 
The trunks of the arteries are connected with the iliac ves* 
selsf and on account of the thinness of their coats, they afford 
jbhe beirt microscopical object for demonstrating the circula- 
lation in a warm-blooded animal. 

§ 976. The other membrane, the membrana vitelR, is also 
l!f6tinected to the body of the chick ; but by a two-fold union, 
{md in a very different manner from the former. It is joined 
to the small intestine, by means of the duehis titeUo-inteHina* 
Us, {pedunculus, apophysis) and also by the blood-vessels, 
which have been already mentioned, (§ 368) with the mesen- 
teric artery and vena portae. This is regarded by Leveille 
merely as a ligament. It is well known that no true yolk is 
discoverable in the intestine of the incubated chick. Yet 
sometimes (not indeed always, but under certain circum- 
stances not yet sufficiently understood) air will pass from the 
intestine through this part into the yolk-bag. This fact, 
which was noticed by Haller, and after him by Maitrejan, has 
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occurred also to myiieK in the case of a duck of tlie twenty-si 
con J day. 

The Miutlogous umbilicul Img of the fcetal-sbark, (which a 
found hIm) in several otlier fishes, and some reptiles) is coo- i 
necled to ihe smatl intestine'; at least to tlie bursa entiant, j 
which is a peculiar dilutntion of the posterior end of the intes- I 
Hoc.' ' 

In the course of the incubntion the yolk becomes constantly 
thinner and paler by the admixture of the inner white. At 
the same time innumerable fringe-like vessels with flocculent 
extremities, of u most singular and unexampled structure, 
form on the inner surface of the yolk-hag, opposite to the 
yellow ramified marks above -me ndoned, and hang into the 
yolk.* There can be no doubl that they have the ofiice of ab- 
sorbing the yolk, and conveying it into the veins of the yolk- 
bag ;-{- where it is assimilated to the blood, and applied to the 
nutrition of the chick. Thus, in the chicken, whiclj has just 
quitted the egg, there is only a remainder of the yolk and its 
bag to be discovered in the abdomen. These are completely 
removed in the following weeks, so that the only remaining 
trace i^ a kind of cit-atiis on the surface of the intestine. 



■ CaUins, vol. ii. Ub. 33, fig. 2 ; and Cbarletoa D* Diffenntiit Anaialnim, p. 
84. Aug). 1677. 

I la numerous aotl varied microicopical eiamlnations of th« yolk-bag in the tit- 
ter we«ka of iocubation, I think I hate observed the actual paaaage of the yglk baa 
the yellow fldcculent veuela of Ihe innei surface ot the bag into the blood-vesscb, 
which go to the chicken : (hat u, I havt teta muiiftil yellow stieaks ia ihi Kd 
blood contained in those vejot. 
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EXPLANATION OF THE PLATES.* 

Exixpting in Plate II, and fig. 2 of Plate VIII. the objects are repre- 
sented of the natural size. 



PLATE I. 

T^B Skull of the duck-billed animal (omiihorhynchus para* 
doxus). A piece of the right side of the cranium has been 
broken off to shew the interior. The skull is devoid of 
sutures. 

a^ b. The two occipital condyles. 

c. The peculiar bony falx. 

d. The OS malare. 

e. The right orbit. 

f. The broad processus mandibularis of the upper jaw. 

g. A similar process on the lower jaw. 
h. The condyloid process of the jaw. 

i. The serrated edge of the fore and lateral part of the jaw, 

as in the duck. 
k. The second branch of the fifth pair of nerves. 
1, m, p. Twigs of this branch distributed to the integuments 

covering the bill, 
n, o. The intermaxillary bone of this side. 

* These Plates were not given in the original edition. 
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PLATE 11. 

The Pelvis and Ossa Femonim of the ostrich {strulkh 

r The 



a, b. The os sacrum, (twenty inches long). 
C il, e. The osisa innomhiaUi, united anteriorly. 
S, g. The ossa femoruni, entirely devoid of medullary sub- 
stance. 

PLATE III. 



The right azticukted Wing of the Cape jienguin {aplcnod^es ( 
demersa). i 

The wing-bones are particularly distinguished by their very 
fiat and compressed form, by two additional bones on the 
elbow, as well as by the want of the bone of the thumb. 

I. The lower ends of the bone of the upper arm. ^^H 
S, 3, The two additional bones. ^^^ 

4. The ulna. 

5, The radius. 
C, 7. The two bones in the carpus. 

8. The divided os metacarpi. 

9, 10. The two phalanges of the forefinger. 

II. The adjoining linger consisting only of one phalanx. 



PLATE IV. 

The Skull of a duci:, more particularly for the purposes •cf 
comparison with the same part in the omilhor/iifndm 
(Pl. L). 

a. The single occipital condyle. 

b. The OS quadratum. 

c. The ossa lachrymalia. 
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d. The elastic laminae of bone for the moveable connexion 

of the upper jaw with the cranium* 
e« The membranous conchse of the nares* 

f, i. The first branch of the fifth pair, 

g. Twigs of this nerve to the integuments covering the 

upper mandible, 
h; i. The second branch of the fifth pair. 
k, \, m. Distribution of this branch to the upper man^Cble* 
h| n. The third branch of the fifth pair, 
o. A twig to the integuments of the lower mandiUe. 

PLATE V. 

» 

A vertical Section.of the SkuU iilid Uppeir MandiUe ^%ywng 

toucan {tue€mma r(»n^ffuuto^\ 

a. The cavity of the cranium. 

b. The membranous conchse of the nares. 

c. A large fossa in the biO before these conehse. 

d. A membranous vertical septum by which this fossa is di- 

vided. 

e. f. The horny upper tnandible^ the internal structure of 

which is cellular. 

PLATE VI. 

The Eye of a Greenland seal (pAoca groenkmdicm). 

a. The very thin cornea. 

b. The thick anterior zone of the sclerotica. 

c. The thin^ yielding middle zone and its diameter. 

d. The po3terior part of the sclerotica^ ver^,,tluck» and al- 

most of a cartilaginous structure. 

e. The broad ciUaris orbicularis. 

f. The iris. 
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